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T h i s  r e p o r t  summarizes t h e  work per formed under C o n t r a c t  NAS 9-4242 
f o r  t h e  NASA Manned Spacecra f t  Center (MSC).  
development, t e s t i n g ,  and d e l i v e r y  o f  s u b c r i t i c a l  n i t r o g e n  s t o r a g e  and d e l i v e r y  
systems, i n c l u d i n g  f u l l  i n s t r u m e n t a t i o n  and t e l e m e t r y  s i g n a l  c o n d i t i o n i n g  
equipment. 
The program i n v o l v e d  t h e  design, 
One o f  t h e  systems d e l i v e r e d  was s u b j e c t e d  t o  env i ronmenta l  t e s t i n g  t o  
v e r i f y  t h e  f l i g h t  c a p a b i l i t y  o f  t h e  des ign;  t h e  o t h e r  system was i d e n t i c a l  t o  
t h e  f i r s t  and i s  in tended f o r  o r b i t a l  f l i g h t  t e s t i n g  aboard a Saturn  launch 
veh i  c l  e. 
The s u b j e c t  program represented  Phase I1  o f  t h e  work per formed by 
T h i s  r e p o r t  o f  t h e  AiResearch f o r  NASA-MSC m d e r  Cont rac t  NAS 9-1065. 
p r e s e n t  program p r e s e n t s  a comprehensive d e s c r i p t i o n  of t h e  program, t h e  
equipment des igns and hardware provided, t h e  r e s u l t s  o f  t e s t i n g ,  and 
c o n c l u s i o n s  and recommendations f o r  f u r t h e r  work i n  t h i s  f i e l d .  
NASA-MSC T e c h n i c a l  M o n i t o r s  f o r  t h e  program were Gordon Rysavy and 
R. K. A l l g e i e r .  For AiResearch, Glenn B. Donaldson was P r i n c i p a l  I n v e s t i g a t o r .  
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T h i s  r e p o r t  p r ~ s p n t s  s i g n i f i c a n t  aspec ts  i n  t h e  second phase o f  a program 
t o  devp lop  s u b c r i t i c a l  c r y o g e n i c  s to rage f o r  use i n  space. The s u b j e c t  o f  
i n t e n s i v e  research  i n  recmt years, t h i s  s t o r a g e  concept  i s  p r ima ,  i l y  a we igh t  
sav ings  techn ique  o f f e r i n g  g rea t  p o s s i b i l i t i e s  f o r  i n c r e a s i n g  pay load an3 
m i s s i o n  d u r a t i o n .  Weight sav ings ,  compared s i z e  f o r  s i z e  w i t h  superc i t i c a l  
s to rage,  i s  a n a t u r a l  b e n e f i t  o f  lower s to rage  p i e s s u r e  requ i  ements. The 
s i g n i f i c a n t  development requi rements f o r  s u b c r i t i c a l  s t o r a g e  a r e  q u a n t i t y  
gaug ing  and the  s t e a d y - s t a t e  d e l i v e r y  o f  s ing le -phase f l u i d  when two phases 
a r e  randomly p resen t  i n  t h e  s to rage  vesse l .  
The second phase, a f o l l o w - o n  t o  p r e v i o u s  work, represented  a b u i l d i n g -  
b l o c k  approach t o  t h e  techno logy  requi red  t o  produce l a r g e  tankage systems f o r  
f u t u r e  m iss ions .  Prev ious  e f f o r t s  y i e l d e d  s i g n i f i c a n t  deslgr: approaches t o  
v a r i o u s  s i n g u l a r  problems assoc ia ted  w i t h  s u b c r i t i c a l  s to rage .  The p resen t  
design was s p e c i f i c a l l v  p lanned f o r  o r b i t a l  f l i g h t .  To maximize i t s  e f f e c t i v e -  
ness, t h e  des ign  used c r i t i c a l  components f rom the  q u a l i f i e d  Gemini tankage 
systems and advanced v e r s i o n s  o r  p rev ious  research  components requi  red  
s p e c i f i c a l l y  f o r  s u b c r i t i c a l  ope ra t i on .  
A l though an R&D program, f o r  severa l  reasons t h i s  e f f o r t  m igh t  b e t t e r  be 
c a l l e d  a des ign  development q u a l i f i c a t i o n  program. 
t h r  concepts was proved i n  a s m a l l - s c a l e  a p p l i c a t i o n  f o r  b a l l i s t i c  f l i g h t  
[ C o n t r a c t  AF33(657:-106041 and on l a rge -sca le  ground t e s t  systems (Con t rac t  
NAS 9-1065 $ ,  t h e  o b j e c t i v e  he re  was t o  maximize e f f e c t i v e n e s s  by deve lop ing  
and q u a l i f y i n g  a f l i g h t  des ign  i n  minimum p r a c t i c a l  t ime.  I n  a d d i t i o n ,  a 
f o r v a l  p l a n  c o n s i s t e n t  w i t h  the  o b j e c t i v e s  and scope o f  t h i s  program was 
f o r m u l a t e d  and s t r i c t l y  c a r r i e d  ou t .  The plan, which was d e t a i l e d  t o  t h e  
sub task  l e v e l  o f  e f f o r t ,  c a l l e d  f o r  f o rma l  con t rac to r -agency  des ign  rev iews;  
i t  p e r m i t t e d  management v i s i b i l i t y  and c o n t r o l  o f  a l l  aspec ts  o f  t he  develop-  
ment work. S i g n i f i c a n t  documentation eng ineer ing  was accompl ished t o  p r o v i d e  
a d d i t i o n a l  freedom t o  development engineers i n  c a r r y i n g  o u t  t h e i r  requ i  red 
f u n c t i o n s .  
S ince  t h e  f e a s i b i l i t y  of 
I t  was necessary t h a t  t h i s  program advance t h e  s t a t e  o f  t he  a r t  w h i l e  
p r o v i d i n g  r e q u i r e d  con f idence  f o r  f u t u r e  m iss ions .  TWO areas o f  d i s c u s s i o n  
a re  p resen ted  below t o  conf i r m  t h a t  b o t h  o b j e c t i v e s  were ach ieved th rough  
t h e  s u b j e c t  program. The f i  s t  area concerns t h e  p r i n c i p l e s  o f  s u b c r i t i c a l  
o p e r a t i o n .  
o f  t h e  p resen t  des igns.  
The second area  con ta ins  a b r i e f  d e s c r i p t i o n  o f  t he  R&D backg rc ind  
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P R I N C I P L E a  OF SU B C R l T l C A L  S T O R A G E  A N D  D E L I V E R Y  
I n  s u b c r i t i c a l  storage, f l u i d  is ma in ta ined  a t  a p ressu re  below c r i t i c a l  
p ressure  ( t h a t  p o i n t  below which t h e  f l u i d  e x i s t s  as a l i q u i d - v a p o r  m i x t u r e  
and above which i t  e x i s t s  as a s ing le -phase f l u i d ) .  The s to rage  vessel  i s  
f i l l e d  w i t h  l i q u i d  cryogen a t  one atmosphere p ressu re  and then p r e s s u r i z e d  by 
h e a t  leakage o r  by h e a t e r s .  When t h e  system i s  a t  o p e r a t i n g  pressure,  f l u i d  
i s  w i thdrawn and t h r o t t l e d  i n  a d e l i v e r y  c i r c u i t .  The t h r o t t l i n g  process 
causes expansion and c o o l i n g  o f  the f l u i d .  To ensure d e l i v e r y  o f  vapor on ly ,  
t h e  d e l i v e r y  c i r c u i t  has a phase c o n t r o l  h e a t  exchanger des igned t o  t r a n s f e r  
t h e  h e a t  r e q u i r e d  t o  vapor i ze  any l i q u i d  b e i n g  d e l i v e r e d .  The t h r o t t l i n g  
v a l v e  i s  a l s o  designed t o  m a i n t a i n  a cons tan t  p ressu re  i n  t h e  h e a t  exchanger. 
Therefore,  w i t h  a n e a r l y  cons tan t  s t a t e  p o i n t  a t  t h e  heat  exchanger o u t l e t ,  
d e l i v e r y  i s  ach ieved a t  a cons tan t  f l o w  r a t e .  Because o f  t h e  c ryogen ic  s t a t e  
o f  t h e  f l u i d  SO s tored,  t h e  s u b c r i t i c a l  method p rov ides  s e v e r a l  advantages:  
( I )  h igh-dens i ty ,  low-volume s to rage;  ( 2 )  a s u b s t a n t i a l  we igh t  sav ings  as a 
d i r e c t  r e s u l t  o f  lower o p e r a t i n g  pressures,  h h i c h  p e r m i t  l i g h t e r - w e i g h t  
components; (3) 1 i q u i d  d e l  i v e r y  f o r  r e f  i 1 1  i n g  p o r t a b l e  env i  ronmental  systems, 
which w i l l  be a requi rement  i n  f u t u r e  space systems. Thermodynamic o p e r a t i o n  
o f  t h e  system i s  represented  by F i g u r e  1 - 1 .  The numbers i n  parentheses i n  t h e  
f o l l o w i n g  paragraphs correspond t o  f l u i d  s t a t e p o i n t s  shown i n  F i g u r e  1 - 1 .  I I 
C R I T  I CA L PRES SU R E 
R E L I E F  PRESSURE 
STORAGE VESSEL 
OPERATING PRESSURE 
PHASE CONTROL HX 
OPERATING PRESSURE 
1 4 . 7  
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* I  2 
. I  
ENTHALPY 
A -  I 8 8 5 0  
F i g u r e  1 - 1 .  Thermodynamic Opera t i on  of  S u b c r i t i c a l  S torage Systems 
The f i l l i n g  o p e r a t i o n  i s  c a r r i e d  o u t  a t  a tmospher ic  p ressure .  I n i t i a l l y  
a t  P o i n t  I ,  t h e  s t a t e p o i n t  moves t o  2 as t h e  v e s s e l  c o o l s  down and t o  3 as 
f i l l i n g  occurs.  A f t e r  d i s c o n n e c t i n g  s e r v i c e  l i n e s  and capp ing  t h e  f i l l  and 
vent f i t t i n g s ,  p ressu re  b u i l d u p  s t a r t s .  D u r i n g  b u i l d u p  t h e  s t a t e p o i n t  moves 
a l o n g  p a t h  3 - 6. A t  4 ,  t h e  vapor phase d isappears ,  and t h e  t a n k  i s  f i l l e d  
w i t h  compressed l i q u i d  t h e r e a f t e r .  
percentage i s  h i g h .  1 A t  3 ,  which i s  above t h e  normal o p e r a t i n g  pressure ,  
v e n t i n g  occurs th rough t h e  s a f e t y  r e l i e f  v a l v e .  
(Th is  does n o t  occu r  u n l e s s  t h e  f i l l  
1-2 
I  66-0357 
I * -  
F l u i d  d e l i v e r y  from the  s to rage  vesse l  occu rs  when demand c r e a t e s  a d r o p  
i n  the  d e l i v e r y  l i n e  pressure .  An i n t e r n a l  v a l v e  senses t h i s  p r e s s u r e  decrease 
and Opens, d e l i v e r i n g  f l u i d  from t h e  s t o r a g e  vessel  i n t o  the  phase c o n t r o l  
heat  exchanger. When the  tank  i s  f u l l ,  compressed l i q u i d  e n t e r s  t h e  v a l v e  a t  
some p o i n t  between 5 and 7 and undergoes cons tan t  en tha lpy  t h r o t t l i n g  t o  t h e  
co r respond ing  p o i n t  on p a t h  8 - 8'. 
o v e r a l l  s t a t e p o i n t  moves t o  t h e  r i g h t ,  a l o n g  p a t h  6 - 9 ,  u n t i  1 t h e  vapor 
phase reappears. When t h i s  occurs,  two d i f f e r e n t  t h r o t t l i n g  processes become 
p o s s i b l e .  Whenever l i q u i d  phase i s  ad jacen t  t o  t h e  v a l v e  i n l e t ,  t h r o t t l i n g  
occu rs  a l o n g  pa th  7 - 8 ' .  Whenever vapor phase i s  ad jacen t  t o  t h e  i n l e t ,  t h e  
p a t h  i s  9 - I I .  I n  zero-g, i t  i s  imposs ib le  t o  p r e d i c t  wh ich  phase w i l l  be 
a d j a c e n t  t o  the  v a l v e  a t  any g i v e n  time. 
As a d d i t i o n a l  f l u i d  i s  removed, t h e  
F l u i d  l e a v i n g  the  i n t e r n a l  va lve  a t  8 i s  a m i x t u r e  o f  l i q u i d  and vapor a t  
a tempc>rature below t h a t  i n  the s to rage  vesse l .  I t  passes th rough a heat  
exchanger brazed t o  the  i n n e r  vessel ,  where t h e  tempera ture  d i f f e r e n c e  t r a n s f e r s  
heat  from the  s to rage  vesse l .  L i q u i d  remain ing  i n  t h e  exchanger vapor izes ,  and 
the  s t a t e p o i n t  moves t o  I O .  
F l u i d  l e a v i n g  t h e  i n t e r n a l  va l ve  a t  I I  i s  s i n g l e  phase (:vapor) a t  a 
tempera ture  below t h a t  i n  t h e  s to rage vesse l .  Pass ing th rough t h e  exchanger 
i t  i s  heated somewhat, moving t h e  s t a t e p o i n t  t o  t h e  r i g h t  a l o n g  pa th  I I  - 12. 
The i n t e r n a l  heat  exchanger i s  s i z e d  f o r  the l i q u i d  d e l i v e r y  case. I n  
e i t h e r  case, vapor leaves t h e  exchanger a t  a tempera ture  no h i g h e r  than the  
s t o r a g e  v e s s e !  temperature.  E x t e r n a l  h e a t i n g  i s  t h e r e f o r e  r e q u i r e d  t o  supp ly  
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P R E V I O U S  WORK A N D  CONTRIBUTING FACTORS 
I n  1961, AiResearch per formed the  f i r s t  development e f f o r t  on s u b c r i t i c a l  
systems (F igu re  I -2)under  USAF Aeromedical Labora to ry  Con t rac t  AF33(616)-7153. 
T h i s  program i n t r o d u c e d  t h e  concepts o f  q u a n t i t y  gauging w i t h  l a t t i c e  g r i d s  as 
c a p a c i t o r  p l a t e s ,  a thermal  s h o r t i n g  v a l v e  f o r  i n c r e a s i n g  hea t  t r a n s f e r  t o  the  
s t o r e d  f l u i d ,  an i n t e r n a l  r e l i e f  va lve,  and ceramic sp i kes  t o  suppor t  t h e  
i n n e r  vesse l .  Each ;.das sub jec ted  t o  i n t e n s i v e  l a b o r a t o r y  e v a l u a t i o n  p r i o r  t o  
f a b r i c a t i o n .  Numerous problems were encountered d u r i n g  f a b r i c a t i o n  of  t h i s  
f i r s t  s u b c r i t i c a l  s to rage  system. 
M o d i f i c a t i o n s  o f  these des ign  concepts were i n c o r p o r a t e d  i n  a s u b c r i t i c a l  
t ank  F i g u r e  1-3)  b u i l t  i n  1962 as a p a r t  o f  s t u d i e s  conducted under USAF 
Ac ronau t i  c a l  Systems D i v i s i o n  Cont rac t  AF33(616)-7535 (AiResearch subcon t rac t  
w i t h  N o r t h  American A v i a t i o n ,  
o p e r a t i o n ,  t h e  tank  was n o t  in tended f o r  env i ronmenta l  t e s t i n g .  The o b j e c t i v e  
was t o  e s t a b l i s h  p r o d u c i b i l i t y  and component des ign  f e a s i b i l i t y .  The thermal  
s h o r t i n g  v a l v e  concept  was n o t  i n c o r p o r a t e d  i n  t h i s  des ign.  Ins tead,  f l u i d -  
L o - f l u i d  heat exchangers were i n s t a l l e d  t o  employ waste heat  f o r  p r e s s u r i z a t i o n .  
A s s o c i a t e d  v a l v i n g  was a l s o  developed. A l thougn t h e  performance o f  t h e  
i n t e r n a l  va l ve  was n o t  comp le te l y  s a t i s f a c t o r y ,  i t  opera ted  and y i e l d e d  d a t a  
necessary  f o r  des ign  improvement. Feas ib i  1 i t y  o f  t h e  f l u i d - t o - f  l u i d  h e a t  
I n c .  '1. A l though des igned f o r  a1 1 - a l t i  tude  
1 - 
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F i g u r e  1-2. S u b c r i t i c a l  
Oxygen Conver ter  




F i g u r e  1-3. Thermal and 
Atmospher ic  C o n t r o l  Study 
I 
exchanger concept was e s t a b l i s h e d .  I t  was determined,  however, t h a t  
s u b c r i t i c a l  s t o r a g e  would r e q u i  r e  g r e a t e r  heat  i n p u t  t h a n  t h i s  d e s i g n  a f f o r d e d .  
The a l t e r n a t i v e s  were t o  produce l a r g e r  h e a t  exchangers (and i n c u r  a l a r g e  
w e i g h t  p e n a l t y )  o r  t o  r e p l a c e  t h e  h e a t  exchangers w i t h  e l e c t r i c a l  h e a t e r s .  I 
A t  t h i s  t ime, t h e  Gcmini s u p e r c r i t i c a l  tankage program was s t a r t e d .  The 1 
i s u p e r c r i t i c a l  work r e s u l t e d  i n  an improved i n t e r w a l l  suspens ion  system, wh ich  
has s i r i c e  been used i n  a l l  s u p e r c r i t i c a l  and s u b c r i t i c a l  des igns .  T h i s  sus-  
p e n s i o n  concept, t h e  use o f  e l e c t r i c a l  h e a t e r s  f o r  i n i t i a l  p r e s s u r e  b u i l d u p ,  and 
t h e  i n t e r n a l  t h r o t t l i n g  v a l v e  were t h e  main f e a t u r e s  o f  a smal l  s u b c r i t i c a l  
system b u i  I t  f o r  b a l l i s t i c  f l i g h t  t e s t .  Conducted under U S A F - S S D  C o n t r a c t  
No. AF33(657)-10604, t h i s  program c u l m i n a t e d  i n  t h e  d e l i v e r y  t o  ASD o f  a 
n i t r o g e n  system embodying a comple te  f l i g h t  t e s t  i n s t r u m e n t a t i o n  subsystem. 
T h i s  system ( F i g u r e  1 - 4 )  was f l i g h t - t e s t e d  by t h e  A i r  Force, d e m o n s t r a t i n g  f o r  
t h e  f i i s t  t i m e  the  f e a s i b i l i t y  o f  s i n g l e - p h a s e  f l u i d  w i t h d r a w a l  f i o m  a two- 
phase f l u i d  regime b y  t h e  use o f  t h e  i n t e r n a l  e x p a n s i o n  v a l v e .  
P r i o r  t o  c o m p l e t i o n  o f  t h e  above e f f o r t ,  t h e  Phase I p o r t i o n  o f  t h e  
p r e s e n t  program was begun f o r  NASA-MSC under C o n t r a c t  NAS 9-1065. The Phase I 
program was an e n g i n e e r i n g  e f f o r t  t o  deve lop  ground t e s t  models o f  l a r g e  
s u b c r i t i c a l  s t o r a g e  and d e l i v e r y  systems. T h i s  p rogram was u n i q u e  i n  scope 
and c o m p l e x i t y  because i t  i n v o l v e d  t h e  s c a l i n g  up o f  components t o  s i z e s  
s u i  t a b l e  f o r  l a r g e  (Apol  l o  c l a s s )  tankage r e q u i r e m e n t s  and because i t  i n v o l v e d  
t h e  development o f  a s p e c i a l  thermal  p r o t e c t i o n  scheme f o r  t h e  hydrogen t a n k .  
The t a n k  des igns employed t h e  i n t e r n a l  e x p a n s i o n  v a l v e  and t h e  i n t e r n a l  
m a t r i c e s  f o r  q u a n t i t y  measurement. ~ n t e r w a l l  s u p p o r t s  were compressed f i b e r -  
g l a s s  pads, each des igned f o r  t h e  s p e c i f i c  l o a d i n g  c o n d i t i o n s .  The thermal  
p r o t e c t i o n  scheme was based on  t h e  use o f  evacuated  s u p e r i n s u l a t i o n .  I n  a d d i -  
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Figure 1-4. Subcritical Cryogenic Oxygen System for Flight Demonstration 
tion, the hydrogen tank employed an intermediate shield; to obtain a cooling 
effect, the delivery tube was brazed to the intermediate shield. Vessel 
shields were lightweight., but not optimized as flight designs. Fabrication 
of these units imposed handling difficulties that resulted in the replacement 
o f  one unit. 
delivery t o  NASA-MSC; their performance was, in general, very good. Other 
significant work has included the development of subcritical neon tanks 
(Figure 1-6) for infrared spectrometer cooling. These units were flight- 
proven aboard Gemini 5 and 7. They incorporated the internal valve design 
from the above mentioned programs, as well as other component designs similar 
to those of the present system. 
The vesseis (Figure i -5)  were tested at kikesearch p r i o r  t o  
The a c c u m u l a t i o n  o f  t h i s  exper ience,  as w e l l  a s  t h e  e x p e r i e n c e  ga ined i n  
t h e  development  o f  s u p e r c r i  t i c a l  des igns,  formed t h e  b u i l d i n g  b l o c k s  e s s e n t i a l  
t o  c o n d u c t i n g  t h e  Phase I 1  e f f o l - t  and to a s s u r i n g  the h i g h  performance of the 
t a n k  d e s i g n  and program. 
Subsequent s e c t i o n s  o f  t h i s  r e p o r t  d e s c r i b e  system and component d e s i g n s  
and t h e i r  development s i g n i  f icance, t h e  development program and p l a n  whi ch 
ivas c a r r i e d  o u t ,  s i g n i f i c a n t  p rob lem areas  and s o l u t i o n s ,  and recommendations 
and cont:lusions f o r  f u t u r e  work i n  t h i s  area.  
66- 03 5 7 
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F i g u r e  1-5. S u b c r i t i c a l  Cryogen ic  Hydrogen and Oxygen Systems f o r  NASA 
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F i g u r e  1-6. S u b c r i t i c a l  Neon Tank 
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Section 2 
Program Objectives I 
GENERAL 
The program o b j e c t i v e  was t o  achieve the  f a b r i c a t i o n  and t e s t  v e r i f i c a t i o n  
o f  a s u b c r i t i c a l  tank  system f o r  extended zero-g f l i g h t  t e s t i n g .  As the 
f o l l o w - o n  t o  the  Phase I e f f o r t  t o  produce l a r g e  ground t e s t  designs, t h i s  
program formed t h e  n e x t  l o g i c a l  development s tep .  A t  t h e  t i m e  o f  c o n t r a c t  
award, the  program i n c o r p o r a t e d  s p e c i f i c  requ i rements  t o  ensure t h e  compati - 
b i l i t y  o f  t h e  system w i t h  t h e  f l i g h t  v e h i c l e  and launch env i ronments.  Fur ther ,  
t o  assure  mee t ing  t h e  f l i g h t  schedule o f  t h e  t e s t  veh ic le ,  s t r i c t  schedu l i ng  
l i m i t s  were imposed t o  p r o v i d e  t i m e  f o r  t h e  s t r u c t u r a l  t e s t i n g  e s s e n t i a l  t o  
des ign  v e r i f i c a t i o n .  As the  program progressed,  a d d i t i o n a l  requi  rements 
r e s u l t e d  f rom inc reased  knowledge o f  t h e  v e h i c l e  ccjnf i g u r a t i o n .  L i  kewi se, as 
t h e  c h a r a c t e r i s t i c s  o f  t h e  s u b c r i t i c a l  vesse l  des ign  became def ined,  some o f  
L I W  oi-i g i  i ia!  L L  ~ : q u i  r e ~ e n t s  were modi f i e d  t o  accommodate t h e  system. 
I n  General.  t h e  requi rement  was t o  design, bui Id, t e s t ,  and d e l i v e r  two 
systems t o  NASA, one f o r  s t r u c t u r a l  v e r i f i c a t i o n  by env i ronmenta l  (dynamic! 
t e s t i n g  p r i o r  t o  shipment and t h e  o the r  f o r  f l i g h t  t e s t i n g .  The f o l l o w i n g  
paragraphs o u t l i n e  s p e c i f i c  o b j e c t i v e s  under which t h i s  program was conducted. 
SCHEDULING OBJECTIVES 
The d e l i v e r y  schedu le  f o r  t h e  two systems was p r e d i c a t e d  on t h e  a v a i l -  
a b i l i t y  o f  a launch v e h i c l e  h a v i n g  space f o r  t h e  exper iment  and a f l i g h t  
p r o f i l e  s u i t a b l e  f o r  extended t e s t i n g  i n  o r b i t a l  space f l i g h t .  P r i o r  t o  
imp lement ing  t h e  Phase I 1  program, NASA Manned Spacecra f t  Center (MSC), 
Houston,  Texas de termined t h a t  m iss ion  p r o f i l e  requi rements c o u l d  be s a t i s f i e d  
on a Sa tu rn  I - B  t e s t  f l i g h t  scheduled by  NASA Marsha l l  Space F l i g h t  Center 
i ’MSFC’ ,  H u n t s v i l l e ,  Alabama f o r  the  summer o f  1966, and t h a t  space f o r  t h e  
exper iment  was a v a i l a b l e  i n  the  nose cone o f  t h i s  v e h i c l e .  MSC o b t a i n e d  t h i s  
space, and the  hardware d e l i v e r y  m i les tones  s e t  f o r  t h i s  f l i g h t  became the  
p r i m e  s c h e d u l i n g  o b j e c t i v e  o f  the  present  program. The d e a d l i n e  f o r  d e l i v e r y  
o f  f l i g h t  hardware t o  H u n t s v i l l e  was t h e r e f o r e  s e t  c o n t r a c t u a l l y  f o r  
Februa ry  I ,  1966, t o  p r o v i d e  t ime  f o r  i n s t a l l a t i o n  and checkout o f  t h e  
sc ibcr i  t i c a l  s to rage  system i n  the  booster  nose cone. 
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The d e l i v e r y  d e a d l i n e  e s t a b l i s h e d  t h e  Phase I 1  e f f o r t  as a min imal  
development e f f o r t  b e f o r e  f r e e z i n g  t h e  hardware des ign  and e n t e r i n g  t h e  
f a b r i c a t i o n  phase. Use o f  e x i s t i n g  and proven m a t e r i a l s  and components 
became necessary wherever t h i s  would n o t  i n t e r f e r e  w i t h  demonst ra t ion  o f  sub- 
c r i t i c a l  s to rage and d e l i v e r y  d e s i g n  concepts.  TO e x p e d i t e  f a b r i c a t i o n  and 
assembly, t h e  f l i g h t  hardware u t i l i z e d  Gemini 14-day R S S  oxygen s t o r a g e  
vesse l  s h e l l s .  T h i s  approach a l s o  improved conf idence i n  t h e  i n t e g r i t y  o f  
t h e  s to rage vessel ,  enabled t h e  use o f  a Gemini g i r t h  r i n g  f o r  s t r u c t u r a l  
s u p p o r t  and mounting, and reduced c o s t  as w e l l  as f a b r i c a t i o n  t ime.  A d d i t i o n a l  
Gemini components and o t h e r  f l i g h t - p r o v e n  components were s e l e c t e d  t o  p r o v i d e  
complete i n s t r u m e n t a t i o n  and c o n t r o l  o f  s t o r a g e  and d e l i v e r y  d u r i n g  space 




SYSTEM DESIGN OBJECTIVES 
1 I n  o rder  t o  p r o v i d e  a r e a l i s t i c  demonst ra t ion  o f  s u b c r i t i c a l  concepts i n  space f l i g h t ,  the  des ign  parameters d iscussed below have been e s t a b l i s h e d .  
I CONFIGURATION REQUIREMENTS The system w i l l  be composed o f  two subsystems: one f o r  two-phase s t o r a g e  
o f  n i t r o g e n ,  and t h e  second f o r  i n s t r u m e n t a t i o n  t o  mon i to r  t h e  s t o r a g e  and 
d e l i v e r y  subsystem performance and r e l a y  s i g n a l s  t o  remote r e c o r d e r s  and 
i ns t rumen t s .  
I 
1 
S toraqe and D e l i v e r y  Subsystem I 






f .  
9. 
h. 
I .  
_ I .  
Storage vessel  
F i  1 1  v a l v e  
Vent v a l v e  
R e l i e f  v a l v e  ( 2 2 0  +20 p s i a )  
Solenoid s h u t o f f  v a l v e  ( f l o w  2 + I  l b / h r )  
Temperature sensor ( -220 t o  +8OoF)  
Q u a n t i t y  sensor ( I O  t o  100 p e r c e n t )  
Pressure t ransducer  (20 t o  250 p s i a )  
Heater p ressu re  swi tches  
I n t e  rna 1 e 1 e c t  r i ca 1 heater  
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k. I n t e r n a l  thermal  conductor  
1. Phase c o n t r o l  heater  exchanger and c o n t r o l  v a l v e s  
m. S igna l  c o n d i t i o n e r s  
SIGNAL CONDIT IONER PLATE ASSEMBLY 
5 v dc e l e c t r i c a l  s i g n a l s  t o  p r o v i d e  an a c c u r a t e  (23 percen t7  i n d i c a t i o n  o f  
t h e  f o l  low i  ng parameters:  






S tored  f l u i d  gaseous d e l i v e r y  f l o w  
Storage p ressu re  
Stored  f l u i d  q u a n t i t y  
F 1 u i d t empe r a t  u r e  
[ I  
(2:  Phase c o n t r o l  heat  exchanger i n l e t  and ex 
( 3 ;  A t  two p o i n t s ,  v e r t i c a l l y  opposed, i n  t h e  
Heater  power i n p u t  measurement 
Downstream o f  d e l  i very  v a l v e  
t 
s t o r a g e  vesse l  
PERFORMANCE REQUIREMENTS 
Performance requ i  rements a r e  s e t  f o r t h  i n  Table 2 - 1 .  
GROUND ENVIRONMENTS 
The system s h a l l  o p e r a t e  as s p e c i f i e d  and s h a l l  i n c u r e  no damage when 
s u b j e c t e d  t o  the f o l l o w i n g  c o n d i t i o n s :  
I .  H u m i d i t y  Ranging from 0 t o  100 pe rcen t  i n c l u d i n g  
water  o r  f r o s t  condensat i o n  
2. S a l t  Spray Such as e x i s t s  on ocean beaches 
FLIGHT ENVIRONMENTS 
The system s h a l l  o p e r a t e  as s p e c i f i e d  and s h a l l  i n c u r  no damage when 
s u b j e c t e d  t o  t h e  c o n d i t i o n s  shown i n  Tab le  2-2.  
2 -3 ml AIRESEARCH MANUFACTURING DIVISION 
Los Angeles California 





I .  Weights 
a. Usable f l u i d  w e i g h t  
b. Maximum f i 1 l e d  system we igh t  
2. Pressures 
a. Operat i rig s t o r a g e  p r e s s u r e  
b. O p e r a t i n g  d e l i v e r y  ,p ressure  
c. R e l i e f  p r e s s u r e  
d. Proof p r e s s u r e  
e. B u r s t  p r e s s u r e  
3. Flow Rate  
Nominal o p e r a t i n g  f l o w  r a t e  
4. Vessel C o n f i q u r a t i o n  
S p h e r i c a l  
5 .  Times I 
a. Heater p r e s s u r i z a t i o n  o f  s t o r e d  
f l u i d  a t  ambient p r e s s u r e  
t o  150 i20 p s i a  
b. Pressure b u i  l d u p  w i t h o u t  h e a t e r  (ambient 
h e a t  leakage) 
c. F i  I1 t ime 
~ ~~ 
6. S a f e t y  C o n s i d e r a t i o n s  
a. E l e c t r i c a l  hardware s h a l l  be e x p l o s i o n - p r o o f .  
b. No s y s t m  f a i l u r e  s h a l l  p ropagate  s e q u e n t i a l l y .  
7. C l e a n l i n e s s  L e v e l  
I n  accordance w i t h  the  l e v e l s  s p e c i f i e d  i n  
NASA-MSFC S p e c i f i c a t i o n  164, l a t e s t  r e v i s i o n  
Performance Va lue  
1 2 5 - l b  maximum 
275 l b *  
150 t20 p s i a  
60 i5 p s i a  
220 t20 p s i a  
1.5 t imes maximum r e l i e f  p r e s s u r e  
2.0 t imes maximum r e l i e f  p r e s s u r e  
2 +I I b / h r  ( c o n s t a n t  w i t h i n  + I O  p e r c e n t )  
4 -h r max i mum 
30-hr  minimum a t  80 i I O ° F  
Minimum a c h i e v a b l e  w i t h  i n i t i a l  equipmen 
s t a b i l i z e d  a t  BO +IO°F ambien t  
+kIncludes instrumentation, lines, valves, etc. 
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The Phase I1 program c o n s i s t e d  o f  a n a l y s i s ,  design, procurement, f a b r i -  
i . a t i on  and assembly, t e s t i n g ,  and documentation f o r  two complete systems. 
Assoc ia ted  w i t h  each o f  these a c t i v i t i e s  were t h e  f u n c t i o n s  o f  program nan- 
,igernent. For t h e  l e v e l  o f  eng inee r ing  c o n t r o l  necessary over  a l l  a c t i v i t i e s ,  
t h e  program bias conducted on a research e n g i n e e r i n g  b a s i s .  However, t h e  
i n t e n t  was t o  c l o s e l y  appiox i rnate t h e  a c t i v i t i e s  o f  a f u l  I - s c a l e  development- 
p r o d u c t i o n  program. To g i v e  program management f u l l  v i s i b i l i t y  and c o n t r o l ,  
e f f o r t s  under each c a t e g o r y  o f  a c t i v i t y  were c a r e f u l l y  p lanned,  de f i ned ,  a n j  
schedu led  i n  a manner t o  f a c i  1 i t a t e  AiResearch-customer program rev iews and 
a l l o w  r e a l i s t i c  budget d i s t r i b u t i o n .  A lso,  i n  r e c o g n i t i o n  o f  t h e  scope o f  
t h e  program, a q u a l i t y  assurance p l a n  was c r e a t e d  and implemented on a b a s i s  
c o n s i s t e n t  w i t h  t h e  o b j e c t i v e s  o f  NASA Q u a l i t y  Document NPC200-2, b u t  a l l o w i n g  
e n g i n e e r i n g  c o n t r o l  o f  nonconforming a r t i c l e s  t o  e i p e d i t e  t h e  work. 
SUMMARY OF PROGRAM TASKS 
The program was d i v i d e d  i n t o  the f o l l o w i n g  major  t a s k s :  
Task I :  Program Management 
Task 2 :  Design 
Task 3 :  F a b r i c a t i o n  and Assembly 
Task 4 :  T e s t i n g  Program 
Task 5 :  Documentation 
Each o f  these tasks  was f u r t h e r  subd iv ided  i n t o  work packages or subtasks.  
S1!'7si.'quent paragraphs o u t l i n e  t h e  work per formed i n  each major  t a s k  arid i den -  
t i  I;/ t h e  subtask  e f f o r t s .  
TASK I : PROGRAM MANAGEMENT 
Program management i n v o l v e d  the  accomplishment o f  t h r e e  sonL inu ing  
subtashs .  These were: ;I ) a p p l i c a t i o n  o f  resources i f a c i  l i t i e s ,  personne l ,  
2 -  I 
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budget, e t c . )  t o  
i p a t i n g  personne 
each o f  the  program t a s k s ;  ( 2 )  s u p e r v i s i o n  o f  a l l  p a r t  
and t h e  necessary dec is ion-mak ing  on a day- to-day bas 
C- 
s ;  
and (3 )  program communications w i t h  NASA and vendors. 
represented t h e  major  e f f o r t .  To meet t h e  schedu l i ng  o b j e c t i v e s ,  i t  was 
necessary t o  a p p r i z e  a l l  concerned o f  changing status,, t o  r e c e i v e  and imple-  
ment NASA guidance d i r e c t i v e s  and i n f o r m a t i o n ,  and t o  be aware o f  t h e  per form- 
ance o f  a l l  work. I n  a d d i t i o n ,  t h i s  subtask i n v o l v e d  maintenance o f  w r i t t e n  
records o f  des ign  rev iew meet ings and t r i p s  t o  the  p a r t i c i p a t i n g  NASA c e n t e r s .  
Program communications 
TASK 2 :  D E S I G N  
Design i n c l u d e d  p r e l i m i n a r y  des ign  analyses, d e t a i l  d e s i g n  and drawings, 
and des i gn r e v i  ews. 
The p r e l i m i n a r y  des ign  analyses were n o t  ex tens ive ,  due t o  t h e  work 
performed d u r i n g  t h e  Phase I program and o t h e r  s u b c r i t i c a l  tankage programs 
and a n a l y t i c a l  work performed i n  suppor t  o f  t h e  Gemini tankage des ign .  Analyses 
performed i n c l u d e d  s t r u c t u r a l  v e r i f i c a t i o n ,  heat  t r a n s f e r  and thermodynamic 
p a t h  r e s o l u t i o n ,  and v a l v e  des ign.  
The d e t a i l  d e s i g n  and p r o d u c t i o n  o f  e n g i n e e r i n g  drawings encompassed b o t h  
t h e  s t o r a g e  and supply  system and t h e  t e s t  and h a n d l i n g  f i x t u r e s .  I n  t h e  
i n t e r e s t  of  time, f u l l  conformance t o  M i l i t a r y  S p e c i f i c a t i o n  MIL-D-70327 was 
n o t  r e q u i r e d .  However, t h e  drawings were more than adequate f o r  i n s p e c t i o n  
and purchas ing  requi rements and f o r  f a b r i c a t i o n  and assembly o f  t h e  hardware. 
TWO design rev iews were held,  one a t  t h e  end o f  t h e  f i f t h  month and t h e  
o t h e r  d u r i n g  env i ronmenta l  t e s t i n g .  The f i r s t  d e s i g n  rev iew was h e l d  f o r  t h e  
purpose o f  approv ing  a l l  drawings and r e s o l v i n g  f i n a l  v e h i c l e  system i n t e r f a c e  
d e t a i l s .  The secand rev iew was h e l d  p r i m a r i l y  t o  r e s o l v e  t h e  e f f e c t s  o f  new, 
more s t r i n g e n t  v i b r a t i o n  requi rements upon t h e  vesse l  des ign .  T h i s  rev iew  
r e s u l t e d  i n  the  d e c i s i o n  t o  prese rve  t h e  hardware c o n f i g u r a t i o n  and add 
custom-designed v i b r a t i o n  i s o l a t o r s .  I t  was a l s o  agreed t o  q u a l i f y  t h e  
s to rage  vessel  a t  NASA-MSFC as p a r t  o f  t h e  v e h i c l e  q u a l i f i c a t i o n .  
TASK 3 :  FABRICATION AND ASSEMBLY 
Th is  task i n c l u d e d  t h r e e  major  subtasks :  ( I )  procurement, ( 2 )  q u a l i t y  
assurance inspec t ions ,  and ( 3 )  f a b r i c a t i o n ,  assembly, and c a l i b r a t i o n .  
Procurement i n v o l v e d  d e f i n i n g  vendor requi rements,  s e l e c t i o n  o f  sources, 
and purchase o f  i n s t r u m e n t a t i o n  hardware, m a t e r i a l s  f o r  vesse l  and v a l v e  
c o n s t r u c t i o n ,  and s e r v i c e s  f o r  f o rm ing  o f  t h e  t a n k  s h e l l s .  NO major  problems 
were encountered w i t h  vendor p roduc ts  o r  s e r v i c e s  as t h e  requ i rements  were 
w e l l  d e f i n e d  and vendors were c a r e f u l l y  s e l e c t e d  f o r  proven schedu le  performance, 
qual  i ty ,  and abi 1 i t y  o f  t h e i  r p roduc ts  t o  meet t h e  e n v i  ronmental  requ i rements .  
The l e v e l  o f  q u a l i t y  c o n t r o l  imposed was c o n s i s t e n t  w i t h  t h e  development 
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a space ve:! icle. I t  was such t h a t  sa fe ty ,  f unc t i on ,  form, f i t ,  and c l e a n l i n e s s  
level were i i . , L  ::ompromised. A p l a n  was submi t ted  t o  NASA o u t l i n i n g  the  q u a l i t y  
con t l -o l  a c t i v i , i e s ,  records,  and a u t h o r i t y .  The p r i n c i p a l  i n v e s t i g a t o r  was 
g i v e n  i u i  1 j u r i s d i c t i o n  and r e s p o n s i b i l i t y  i n  a l l  m a t t e r s  i n v o l v i n g  s tandards  
o f  workmanship, q u a l i t y  o f  m a t e r i a l s ,  conformance w i t h  e n g i n e e r i n g  standards, 
and r e l a t i o n s  w i t h  NASA and s u p p l i e r  personnel .  I n s p e c t i o n  and t e s t i n g  
procedures  were p l a c e d  on ever): document d e f i n i n g  any program a r t i c l e  f o r  
which q u a l i t y  c o n t r o l  was requ i red .  
In-house f a b r i c a t i o n  was begun upon i n i t i a l  r e c e i p t  o f  m a t e r i a l s  and 
p a r t s .  The f a b r i c a t i o n  process  began w i t h  c o n s t r u c t i o n  o f  t h e  i n t e r n a l  m a t r i x  
assembl ies and hea t  exchanger l i n e s .  F i n a l  assembly i n c l u d e d  tank  process ing ,  
connec t ion  o f  va lves,  and i n t e g r a t i o n  w i t h  t h e  i n s t r u m e n t a t i o n  subsystem. 
Each comple te  system was mounted i n  a s p e c i a l l y  des igned h a n d l i n g  f i x t u r e  
which d u p l i c a t e d  t h e  v e h i c l e  i n s t a l l a t i o n  mount ing  and p r o v i d e d  s h e l l  p r o t e c t i o n  
The assembly process, per formed i n  Gemini t ank  p r o d u c t i o n  f a c i l i t i e s ,  i n c l u d e d  
d imens iona l ,  q u a l i t y ,  c l e a n l i n e s s ,  and f u n c t i o n a l  checks f o l  l ow ing  comp le t i on  
o f  each subassembly and subsystem. Due t o  pas t  exper ience,  few des ign  i m -  
provements were necessary a t  t h i s  stage. Where requ i red ,  however, these 
changes were i n c o r p o r a t e d  as the  assembly process progressed.  Th is  subtask 
hlso  i n c l u d e d  f a b r i c a t i o n  and assembly o f  a l l  t e s t i n g  f i x t u r e s  and a ground 
checkout  c a r t  f o r  system per formance t e s t i n g .  
TASK 4 :  TESTING PROGRAM 
The t e s t i n g  program cons is ted  o f  two major sub tasks :  env i ronmenta l  
t e s t i n g  and acceptance t e s t i n g .  The r e s u l t s  o f  t e s t i n g  a r e  covered i n  d e t a i l  
i n  S e c t i o n  5. 
Envi  ronmental t e s t i n g  was performed on t h e  s i g n a l  c o n d i t i o n e r  p l a t e  b u t  
n o t  on t h e  vesse l .  Whi l e  t h e  c o n d i t i o n e r  p l a t e  was undergo ing  env i ronmenta l  
t e s t i n g ,  t h e  v i b r a t i o n  s p e c i f i c a t i o n  was r e v i s e d  by MSFC. Since t ime d i d  n o t  
pel-mi t redes ign  and rework o f  t he  s to rage vesse l  s t r u c t u r e ,  MSC r e l i e v e d  
A iR tsea rch  o f  respons ib i  l i t y  f o r  meet ing t h e  new s p e c i f i c a t i o n .  However, i t  
\iias b e l i e v e d  t h a t  t h e  vesse l  c o u l d  pass t h e  v i b r a t i o n  requ i rement  as i t  was 
i f su i  t a b l e  i s o l a t o r s  were added. Custom-designed i s o l a t o r s  were p rocu red  
and i n s t a l l e d .  A f t e r  d e l i v e r y  o f  the t e s t  a r t i c l e ,  i t  was s u c c e s s f u l l y  
q u a l i f i e d  t o  t h e  new v i b r a t i o n  s p e c i f i c a t i o n  b y  MSC a t  MSFC. 
AiResearch per fo rmed a l l  env i ronmenta l  t e s t i n g  on  t h e  s i g n a l  c o n d i t i o n e r  
p l a t e .  I t  i s  no tewor thy  t h a t ,  due t o  t h e  s i m i l a r i t y  o f  t h e  des ign  t o  Gemini 
tankage. and t o  t h e  use o f  Gemini components and m a t e r i a l s ,  a1 1 env i ronmenta l  
requ i rements  except  v i b r a t i o n  and a c c e l e r a t i o n  were s a t i s f i e d  th rough s i m i -  
l a r i t y  t o  p r e v i o u s l y  q u a l i f i e d  designs and m a t e r i a l s .  
Acceptance t e s t i n g ,  c o n s i s t i n g  o f  t he  t e s t s  1 i s t e d  below, was per formed 
on each complete system upon comple t ion  of assembly and a g a i n  f o l l o w i n g  
env i  ronmenta l  t e s t i n g .  W i  t h  few except ions  (see S e c t i o n  5), t h e  s.ystem 
pe r fo rmed  as s p e c i f i e d .  
i i  t. and q u a l i t y  i n s p e c t i o n s ;  were:  
The acceptance ces - s  per fo rmed ! i n  a d d i t i o n  t o  form, 
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I .  E l e c t r i c a l l y  heated pressure  b u i l d u p  t i m e  i, 
I 2. Temperature sensor performance 
3.  Q u a n t i t y  gauging system performance 
4 .  Pressure t ransducer  performance 
5. Va l v i  ng i n t e r n a l  leakage rates'+ 
6. Pressure s w i t c h  performance 
i 
7. F i  1 1  t ime 
8. Nonvented s tandby p ressu re  b u i l d u p  t i m e  (no e l e c t r i c a l  h e a t )  
I, 9 .  I n s u l a t i o n  q u a l i t y  (no r e l i e f ,  minimum f l o w )  
IO. Constant p ressure  o p e r a t i o n  performance 
I I .  E x t e r n a l  ( d i s c o n n e c t )  leakage* 
12. C e r t i f i c a t i o n  v e r i f i c a t i o n  o f  e l e c t r i c a l  hardware 
13. Proof pressureit 
1 4 .  C e r t i f i c a t i o n  o f  c l e a n l i n e s s  l e v e l s  
15. 
I 
I n s t r u m e n t a t i o n  o u t p u t  s i g n a l s  and accurac ies*  







Program documentat ion i n c l u d e d  month ly  p rog ress  r e p o r t s ,  t h e  q u a l i t y  
assurance i n s p e c t i o n  p lan,  t h e  end- i tem t e s t i n g  p l a n  and i n s p e c t i o n  procedures,  
acceptance da ta  packages f o r  shipment w i t h  end items, m a t e r i a l s  r e p o r t s ,  
m inu tes  o f  des ign rev iew meet ings,  and t h e  f i n a l  r e p o r t .  Here, i t  i s  s i g n i f -  
i c a n t  t o  note t h a t  every  e f f o r t  was made t o  reduce t h e  t i m e  r e q u i r e d  f o r  
p r e p a r a t i o n  o f  documentat ion.  Two examples o f  documentat ion e n g i n e e r i n g  were 
as f o l l o w s :  
The progress  r e p o r t s  were o rgan ized  e x a c t l y  t h e  same as t h e  program 0 
p lan .  That i s ,  t h e  t a s k s  and subtasks  were r e p o r t e d  e x a c t l y  as 
they had been o u t l i n e d  and as t h e  work was organ ized.  T h i s  p roce-  
dure reduced t h e  management e f f o r t  to  l e s s  t h a n  6 h r  per  month 
through c o n s i s t e n t  o r g a n i z a t i o n  o f  t o p i c s .  
ikThese t e s t s  were performed d u r i n g  f a b r i c a t i o n  assembly. Data were p r o v i d e d  
f o r  acceptance c e r t i f i c a t i o n  purposes. 
3 -4 
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The t e s t i n g  p l a n  was fo rmula ted  SO t h a t  da ta  sheet  fo rmats  and 
procedures were worked o u t  i n  advance t o  m in im ize  t h e  e n g i n e e r i n g  
t i m e  r e q u i r e d  t o  implement the  t e s t i n g  program. I t  i s  b e l i e v e d  
t h a t  documentat ion eng ineer ing  p layed  a s i g n i f i c a n t  r o l e  i n  
a s s u r i n g  t h a t  t h e  schedu l i ng  o b j e c t i v e s  were met by m i n i m i z i n g  t h e  
t i m e  r e q u i r e d  by program management f o r  p e r f o r m i n g  t h e  d e t a i l  
f gnc t  i ons. 
PROGRAM SCHEDULING 
F i g u r e  3-1 shows t h e  o r g a n i z a t i o n ,  r e l a t i o n ,  and s c h e d u l i n g  o f  t h e  
a c t i v i t i e s  desc r ibed  above. S i g n i f i c a n t  events  and t h e  program mi les tones  
a r e  c a l l e d  o u t .  Th is  schedule was inc luded  w i t h  each month ly  p rog ress  r e p o r t ;  
t h e  t i m e  ba rs  were shaded t o  i n d i c a t e  work completed on t h e  r e p o r t i n g  d a t e  
t o  show schedule compl iance.  T h i s  p rov ided  a q u i c k  a p p r a i s a l  o f  t h e  e f f o r t  
as i t  progressed and proved t o  be a use fu l  t o o l  f o r  program management, due 
t o  t h e  d e t a i l  p rov ided .  
3-5 
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G E N E R A L  DESIGN APPROACH 
The s u b c r i t i c a l  c r y o g e n i c  s t o r a g e  and iupply s y s t e n  i s  a s e l ~ - c o n t s i n e d  
package h a v i n g  a l  1 components necessary t o  s t o r e  c r - y o g e n i c  n i  troclen Tor 
extended p e r i o d s ,  d e l i v e r  t h e  vapor  phase o r  c o n v e r t  t h e  l i q u i d  > h a z e  f o r  
vapor  d e l i v e r y  under  t h e  env i ronmenta l  c o n d i t  i n n s  o r  o r b i t a l  space T i  i q h ? .  
and c o n t i n u o u s l y  m o n i t o r  o p e r a t i n g  c o n d i t i o n s  t h r o u g h o u r  t h e  sysier:. Ci:?ti- 
d i t i o n e d  s i g n a l  o u t p i l t s  a r e  p r o v i d e d  f rom each ~f the w n i t o r e d  p a t - m e t e i - i  
f o r  t e l e m e t r y  t r a n s m i s s i o n  d u r i n g  space f l i g h t  o r  f o r  d i r e c t  t r a n s r i i s s i o n  
d u r i n g  ground t e s t s .  
. .  
Two systems were d e l i v e r e d :  one f o r  s ~ a c e  f l i g h t  e v a l u s r i o n  i n  :-be 
nose cone o f  a S a t u r n  I B ,  and one f o r  q u z l i f i c a t i o n  t e s t i n c ;  a i d  F l i q h :  
system backup. I n  a d d i t i o n .  s u p p o r t  hard i jare i ias  d e l  i v e r e d  c c ' c i s t i r i g  of 
ground hand1 i n g  c a r t s  f o r  each system, along w i  t h  a g r o u i d  c b e c k ~ u t  c o i s o l e  
w i t h  w i r i n g  harness , F i g u r e  4-1 1 and 
ground h a l v e s  o f  fill and v e n t  quick 
disconnect v a l v e s .  
Each package c o n s i s t s  o f  two 
m a j o r  subsys tevs :  t h e  s t o r a q e  v e s s e l  
and t h e  s i g n a l  c o n d i t i o n e r  p l a t e .  The 
s i g n a i  c o n d i t i o n e r  p l a t e  i s  des igned 
t h e  s t o r a g e  v e s s e l .  A l l  e x t e r n a l  
f l i g h t  components n o t  a t t a c h e d  t o  t h e  
s t o r a g e  v e s s e l  g i r t h  r i n g  a r e  mounted 
o n  t h e  s i g n a l  c o n d i t i o n e r  p ! a t e .  I n  
a d d i t  ion,  a1 1 i n t e r f a c e s  between t h e  
s u b c r i t i c a l  system arld t h e  b o o s t e r  o r  
ground s e r v i c e  equ ipnent  a r e  l o c a t e d  
on t h e  s i g n a l  c o n d i t i o n e r  p l a t e .  Con- 
n e c t  i o n s  betkieen t h e  p l a t e  a n d  s t o r s g e  
v e s s e l  c o n s i s t  o f  f i l l ,  vent ,  and 
d e l i v e r y  f l u i d  l ine.; and e l e c t r i c a l  
L -  
L o r i i r - > i j n t  her i z=;t- 1 1 < y J  d i r e c t :  y a b o v e  
F - 5 3 L i  har f iesses .  Due t o  1 i7ita:ions on t h e  
amount o f  e l e c t r i c a l  po-.ver a v a i  l a S ! e  
d u r i n g  r ' l  i g h t ,  two power s u p p l i e s  a r e  F i g u r e  4 - 1 .  F1 i g h t  Sys te r !  i n  Ground 
p r o v i d e d  t o  t h e  '::,--#;-: c o n d i t i o n e r  Vand! i ng Car:, Wi th  Grocnd Checkout - .  
p l a t e .  The t i r s : ,  ! h i c k  i s  25-v 6-c C O ? S O i  e 
c 
66-0357 
power f rom the Saturn  I B  I n s t r u m e n t a t i o n  U n i t  ( I U )  i s  a v a i l a b l e  be fo re ,  
d u r i n g ,  and a f t e r  launch. The second, which i s  28-v d-c G S E  power, i s  
a v a i l a b l e  on l y  b e f o r e  l i f t o f f .  A l l  power-consuming components n o t  r e q u i r e d  
d u r i n g  f l i g h t  a r e  connected t o  the  G S E  supp ly  t o  conserve I U  power d u r i n g  
f l i g h t .  
One system i s  shown i n  t h e  ground h a n d l i n g  c a r t  i n  F i g u r e  4 - 1 .  A sche- 
m a t i c  diagram o f  t h e  system, t o g e t h e r  w i t h  o p e r a t i n g  and des ign  parameters, 
s t a l l e d  i n  the  Saturn  I B  nose cone. Opera t i ng  and des ign  parameters a r e  
g i v e n  i n  Tables 4-1 and 4-2. 
i s  s h ~ i , ~ , ~  i n FIn11.e 4 - 2 .  I R  F i g n r e  4 - 3 ,  t h e  s y s t e ~  cnt-ine is sbc\.tn 2 s  i n -  
Y - ‘  
TABLE 4-1 
INSTRUMENTATION IMPEDANCE AND POWER REQUIREMENTS 
Desc r i p t i on ; Model 
P I  Press Transducer 
P z  Press Transducer 
P 3  Press Transducer 
T ,  Temp System 
T Z  Temp System 
T J  Temp System 
Tq Temp System 
Ts Temp System 
I I  Curren t  Sensor 
1 2  Cur ren t  Sensor 
F ,  Flow Meter 





5 I OV4 
5 I OV4 
5 I OV4 




S igna l  C o n d i t i o n e r  
$ --- . . - 
+amp a t  2 8  v dc 
W i a nc ko 
W i anc k o  
W i a nc ko 
Ros emoun t 
Rosemoun t 
Ros ernoun t 
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I-- 
i 
S u b c r i t i c a l  Oxygen System 
s y s t e m  Support Stand 
I n s t r u m e n t a t  i o n  Assembly (Packaging)  
System W i r i n g  (Schematic and Hardware) 
W i r i n g  Harness, System t o  T e s t  Equipment 
w i r i n g  Harness, n a t r i x  Gauge 
Ven: Valve 
S a f e t y  R e l i e f  Valve,  Storaye Vessel 
pressure Transducer ,  Storage Vessel ( P I )  
p r r b s u r e  R e g u l a t v r ,  L iqu id/Gah 
Tmipei-ature Senior ,  Heat Exchanger 
Temperature Sensor, Heat Exchanyer 
Temperature S c n w r ,  Veshel, Upper ( T I )  
Warsup Heat Fxchanyer ,  Supply System 
Temperature Sensor f o r  Udrmup Heat 
o u t l e t  (TI,) 
I n  I et (T3) 
Exchanger 
C o n t r o l  l e r ,  Warmup Heat Exchanger 
Power M o n i t o r ,  Supply System Heater  
Pressure Transducer, Supply Syatem 
S a f e t y  R e l i e f  Valve,  Supply Syatem 
S o l e n o i d  Shutoff V a l v e ,  Supply System 
A h s o l u t e  Pressure R e g u l a t o r ,  Supply 
T m p e r a l u r e  Sensor. Supply Sys tem (T5) 
p r e s s u r e  Transducer, Supply Sybtem 
F l o w  Tranbducer 
Flow A e ’ = t r I c l o r  
Teinperature Senror ,  Storage Versel ,  
H e a t t r ,  E l e c t r i c ,  Storage Yessel 
Powei M o n i t o r ,  Storage Vessel Heater  
Pressure Swi tch,  Vessel Heater  C o n t r o l  
Storage Vessel Assembly 
S i g n a l  C o n d i t i o n e r ,  Temperature Sensor 
S i g n a l  C o n d i t i o n e r ,  Temperature Sensor 
S i g i a l  Condi t  ioner ,  Temperature Sensor 
S i u n a l  C o n d i t i o n e r ,  Temperature Sensol 
S i 5 (la I Cund i t i o n e r  , Temperature Sen so r 
S I  , lmI Cundi t i o n e r ,  H a t r  i x  
F i  I 1  Valve 
Ha. r i x  Gauge Assembly 
W i r i n g  Harness, C u r r e n t  n o n i t o r 5  
W i r i n g  Harness, Pressure and Temperature 
R a l i o  Noi,e F i l t e r  
H e I l P I ,  E l e c t r i c ,  Ground B u i l d u p  
V i l r r a t i o n  Isc, la tors  
System 
Lower (T2) 
( T 4 )  
( T ) )  
( T 2 )  
(11) 
( ’51 
S , ? n  so r 
T ~ t a l  For I n s t r u m e n t a t  i o n  p l a t e  
T o t a l  For  Tank 
T o t a l  Weiqht I 
12,ooH) 
9.00** 





. I O  
.74  







1 . 2 5 H  
. I O  
. 5 0  
- H )  
.20  
70 .00  
I .  2 6 H  
I. 2 b a W  
I. 26* 
I .  26W 
I .  26* 
I .  26** 
.44* 
2.00 
5 . 0 0 H  
.50  
6 . 5 0  





-. . . __ 
Power 
( w a t t s )  
- *  
.25 




19 .5wr  Hax 
.25  
2 . 3  
5 0 . 0  f 5 
2.8 
2.8  
2 . 8  
2 .8  
2 .8  
2 .8  
- *  
180 + 18” 
158.69 Max ( F I I q h t )  
217.8 Max (CSE) 
.- .. . . - .-- 
0-31224 
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DESCRIPTION OF STORAGE 
VESSEL ASSEMBLY 
The l i q u i d  n i t r o g e n  s t o r a g e  vesse l  
assembly c o n s i s t s  o f  t h e  f o l l o w i n g  com- 
ponents  w i t h i n  t h e  v e s s e l :  p r e s s u r e  
r e g u l a t o r ,  phase c o n t r o l  h e a t  exchanger 
l o c a t e d  between t h e  vesse l  and o u t e r  
s h e l l  w a l l s ,  c a p a c i t a n c e  gauge t o  sense 
f l u i d  q u a n t i t y  i n  t h e  vesse l ,  e l e c t r i c a l  
h e a t e r  w i t h  ex tended s u r f a c e s  t o  m a i n t a i n  
t a n k  pressure ,  second e l e c t r i c a l  h e a t e r  
on t h e  o u t e r  s u r f a c e  o f  t h e  p r e s s u r e  
v e s s e l  t o  a i d  ground p r e s s u r i z a t i o n ,  
two tempera tu re  probes  t o  sense s t o r a g e  
tempera ture ,  and two a d d i t i o n a l  tempera- 
t u r e  p robes  t o  sense tempera tures  i n  t h e  
phase c o n t r o l  hea t  exchanger .  E x t e r n a l  
components mounted on t h e  s t o r a g e  vesse l  
g i r t h  r i n g  i n c l u d e  t h e  e l e c t r i c a l  warmup 
h e a t e r  w i t h  tempera tu re  sensor  and 
c o n t r o l ,  p r e s s u r e  sensor  P Z  w i t h  s i g n a l  
c o n d i t i o n e r ,  p r e s s u r e  sw i t ch ,  supp ly  
r e l i e f  va l ve ,  s o l e n o i d  s h u t o f f  va lve ,  
a b s o l u t e  p r e s s u r e  r e g u l a t o r ,  and 
a s s o r t e d  e l e c t r i c a l  connec to rs .  
The s t o r a g e  v e s s e l  assembly is shown 
F-5043 
F i g u r e  4 - 4 .  S t o r a g e  Vessel ,  
System No. I 
i n  F i g u r e  4 - 4 .  
s T c! 29% G E ‘J E s s E L 
The s t o r a g e  v e s s e l  i s  a s p h e r i c a l ,  d o u b l e - w a l l  vesse l  w i t h  evacuated 
i n s u l a t i o n  and f i b e r g l a s s  s u p p o r t  pads  l o c a t e d  beticeen t h e  w a l l s .  The 
i n s u i a t i o n  space i s  p e n e t r a t e d  b y  1 incs  f s r  f i ! !  2nd ven t ing ,  d e !  i ? / e r y j  
; n ~ t r u i i i e n t a t i o n  lead;. s ~ d  h e a t e r  pclwer ! c a d s .  A l l  1 ineg and sheaths  a r e  
s t a i n l e s s  s t e e l .  To m i n i m i z e  h e a t  leakage by  conduct ion , the  leads  a r e  
r o u t e d  b y  extended p a t h s  between t h e  ir ;ner and o u t e r  s h e l l s .  
P r e s s u r e  i n  a c r y o g e n i c  s t o r a g e  vessel  i s  i n c r e a s e d  by  h e a t  l e a k  i n t o  
t h e  vessel and decreased b y  f l u i d  d e l i v e r y  f r o m  t h e  v e s s e l .  S i n c e  t h e s e  
f a c t o r s  cannot  be  ba lanced t h r o u g h o u t  a space m i s s i o n :  independent  means 
a r e  r e q u i r e d  t o  c o n t r o l  t h e  s t o r a g e  p r e s s u r e .  The p r e s e n t  system u t i l i z e s  
*a s a f e t y  r e l i e f  v a l v e  t r J  p r e v e n t  o v e r p r e s s u r i z a t i o n  and an e l e c t r i c  h e a t e r  
t o  m a i n t a i n  t h e  minimum p r e s s u r e .  
I n  s u b c r i t i c a l  sys tems? s t o r a g e  p r e s s u r e  i s  a l s o  a f f e c t e d  b y  t h e  phase 
b e i n g  d e l i v e r e d :  l i q u i d  d e l i v e r y  r e q u i r e s  much l e s s  energy t h a n  vapor  
d e l i v e r y .  S i n c e  t h e  l o c a t i o n  o f  t h e  d e l i v e r y  p o r t  i s  f i x e d  and t h e  l o c a t i o n  
o f  phases  i s  v a r i a b l e  i n  zero-9:  l i q u i d  d e l i v e r y  may o c c u r  a t  random t imes 
d u r i n g  space f l i g h t .  To a v o i d  o v e r - p r e s s u r i z a t i o n  and l o s s e s  t h r o u g h  t h e  
AlRESEARCH MANdFACTURlNG DlVlSION ,,=-el 
to5 A-gees Ca w- a 
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s a f e t y  r e l i e f  va lve ,  s u b c r i t i c a l  systems must b e  des igned t o  a u t o m a t i c a l l y  
remove a d d i t i o n a l  energy whenever l i q u i d  phase i s  d e l i v e r e d  from t h e  i n n e r  
vesse l .  I n  A iResearch systems, t h i s  i s  done w i t h  an i n t e r n a l  r e g u l a t o r  
2nd a f l u i d - t o - f l u i d  heat  exchanger brazed t o  the  i n n e r  vesse l .  Excess 
energy i s  removed f rom t h e  s to rage  vessel by v a p o r i z i n g  l i q u i d  wh ich  has 
been d e l i v e r e d  f rom t h e  vesse l .  
I 
Area and compress ion of  t h e  f i b e r g l a s s  suppor t  pads a r e  s e l e c t e d  t o  
conform t o  t h e  maximum f i l l e d  we igh t  o f  t h e  i n n e r  vesse l  and t h e  maximum 
dynamic l o a d i n g  c o n d i t i o n s  a n t i c i p a t e d  d u r i n g  f l i g h t .  Dynamic l o a d i n g  con- 
d i t i o n s  s p e c i f i e d  f o r  t h e  s u b c r i t i c a l  system a t  t h e  t ime  o f  t h e  des ign  
f r e e z e  were severe by Gemini s tandards.  
l a r g e  and have maximum p r a c t i c a l  compression. 
The pads a r e  t h e r e f o r e  u n u s u a l l y  
The i n s u l a t i o n  o f  a c ryogen ic  vessel i s  s e l e c t e d  th rough o p t i m i z a t i o n  
procedures  t o  conform t o  c o n f l i c t i n g  requ i rements  f o r  nonvented ground standby 
and f l u i d  d e l i v e r y  i n  f l i g h t .  If the heat  l e a k  i s  excess ive ,  t h e  system 
cannot  meet requ i rements  f o r  extended p e r i o d s  o f  nonvented s tandby on t h e  
ground. I f  t h e  heat  l e a k  i s  i n s u f f i c i e n t ,  excess i ve  e l e c t r i c a l  power w i l l  
be r e q u i r e d  t o  m a i n t a i n  system pressure  d u r i n g  f l u i d  d e l i v e r y  i n  f l i g h t .  
I n  t h e  present  system, a minimum o f  e l e c t r i c a l  power i s  a v a i l a b l e  on t h e  
b o o s t e r ;  f l u i d  d e l i v e r y  i s  r e q u i r e d  t o  s t a r t  a t  launch and c o n t i n u e  through-  
maximum f i l l  i s  65 percen t .  
l a t i o n  system w i t h  r e l a t i v e l y  h i g h  heat  leak .  There fore ,  evacuated f i b e r g l a s s  
was s e l e c t e d .  
I 
oiit t he  m i q q i n n .  t h p  nnn\rentpr( nrn~lnr i  ctanrlh;r r e n ~ ~ ; r o r n o n t c  a r e  nnrn;naI * , - -  t h n  
Th is  p a r t i c u l a r  comb ina t ion  d i c t a t e s  an insu-  
C 
I 
D e s i g n  s p e c i f i c a t i n n s  estahlishd f ~ r  t h e  s t ~ r a g ~  \/esse! nj\/eT: Y I:: 
Tab le  4-3. [ F i g u r e s  4-6,  4 -7 ,  4-8,  and 4-9 a r e  photographs o f  t h e  vesse l  d u r i n g  
f ab r i c a t  i on  .] 
INTERNAL PRESSURE REGULATOR 
A p r i n c i p a l  component o f  t h e  s u b c r i t i c a l  system is t h e  i n t e r n a l  p res -  
s u r e  r e g u l a t i n g  va l ve .  T h i s  r e g u l a t o r ,  wh ich  opera tes  a t  l i q u i d  n i t r o g e n  
temperatures,  i s  welded i n t o  an opening i n  t h e  w a l l  o f  t h e  i n n e r  vesse l .  
F l u i d  i s  d e l i v e r e d  th rough  t h i s  va l ve  i n t o  t h e  phase c o n t r o l  heat  exchanger. 
The s i n g l e  poppet  i v  t h i s  v a l v e  i s  p o s i t i o n e d  by t h e  r e l a t i o n s h i p  be- 
tween an  a b s o l u t e  p r e s s u r e  r e f e r e n c i n g  be l l ows ,  a c a l i b r a t e d  sp r ing ,  and 
t h e  downstream supp ly  p ressure .  The evacuated annulus o f  t h e  s t o r a g e  vesse l  
i s  used as the  a b s o l u t e  r e f e r e n c e  pressure .  As downstream p ressu re  drops  
below a p r e s e t  p o i n t ,  t h e  poppet i s  l i f t e d  o f f  i t s  s e a t  t o  p e r m i t  f l o w  i n t o  
the  phase c o n t r o l  heat  exchanger. As t h i s  f l u i d  i s  heated i n  t h e  exchanger, 
t h e  downstream p ressu re  r i s e s .  The poppet then moves c l o s e r  t o  t h e  s e a t  
and s h u t s  o f f  p a r t  o r  a l l  o f  t h e  f l ow .  
The r e g u l a t o r  i s  capab le  o f  h a n d l i n g  vapor  f l o w  i n  t h e  usual  manner. 
dhen used i n  c o n j u n c t i o n  w i t h  t h e  phase c o n t r o l  h e a t e r  exchanger, i t  i s  a l s o  
capah le  o f  k tandl ing l i q u i d  f l o w  w i t h o u t  exceeding t h e  r e q u i r e d  d e l i v e r y  
r a t e .  T h i s  f e a t u r e  a l l o w s  use o f  s u b c r i t i c a l  s to rage  concepts i n  a zero-g  
env i ronmen t . 
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TABLE 4-3 
STORAGE VESSEL D E S I G N  SPECIFICATIONS 
~ 
Pa ramet e r  Va 1 ue 
I n t e r n a l  ne t  volume 2.58 t o  2.62 cu  f t  
Usable f l u i d  c a p a c i t y  
Annu 1 us 1.065 t o  1.175 i n .  
I n s u l a t i o n  F i b e r g l a s s  and vacuum 
Opera t ing  p ressu re  130 t o  170 p s i g  
Proof  p ressure  360 p s i g  
Burs t  p ressure  480 p s i g  rnin. 
Outer  s h e l l  AiResearch P/N 639237 
95% o f  n e t  volume 
M a t e r i a l :  T i tan ium,  EMS 499 
I D :  22.892 t o  22.992 in .  
W a l l  t h i ckness :  0.030 t o  0.035 in .  
Close-out p rocedure :  TIG weld 
Close-out i n s p e c t i o n :  X-ray 
Heat Treatment: None 
I n n e r  s h e l l  A iResearch P /N  639236 
M a t e r i a l :  I ncone l  718 
I D :  20.51 t o  20.61 i n .  
W a l l  t h i c k n e s s :  0.065 t o  0.075 in .  
Close-out procedu e: TIG weld 
Close-out i nspec t  on: X-ray and p r o o f  p ressu re  t e s t  a t  
Heat Treatment :  
360 p s i a  w i t h  ambient d r y  n i t r o g e n  
8OO0F per  AF 245 
G i r t h  r i n g  AiResearch P/N 639265 
Support pads S i x  IO- in .  d i a .  
Annul us 1 ines S t a i n l e s s  s t e e l  
F i l l  ( I )  5 /16- in .  OD x 0 .028- in .  w a l l  x 18 i n .  min. l e n g t l  
Vent ( I )  5 /16 - in .  OD x 0 .028- in .  w a l l  x 18 i n .  min. leng t l  
Supply ( 1 )  1 /4 - in .  OD x 0.028- in .  w a l l  x 18 i n .  min. l e n g t l  
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L i q u i d  e n t e r i n g  t h e  r e g u l a t o r  i s  coo led  and p a r t i a l l y  vapor i zed  by  t h e  
v a l v e  p r e s s u r e  drop.  Leav ing  a t  a lower temperature,  t h e  rema in ing  l i q u i d  
i s  then vapor i zed  i n  t h e  phase c o n t r o l  hea t  exchanger by heat  t r a n s f e r r e d  
f rom t h e  s t o r a g e  vesse l .  T h i s  increases t h e  downstream p r e s s u r e  and re -  
sea ts  t h e  poppet b e f o r e  excess i ve  d i scha rge  o f  l i q u i d  occurs .  
The r e g u l a t o r  i s  l o c a t e d  i n  t h e  upper h a l f  o f  t h e  s t o r a g e  vesse l ,  
r e l a t i v e  t o  t h e  launch p o s i t i o n .  The v a l v e  i s  a c c e s s i b l e  f o r  ad jus tment  
th rough  a welded p o r t  i n  t h e  o u t e r  s h e l l .  , I n  event  o f  f a i l u r e ,  t h e  v a l v e  
i s  removable th rough  t h i s  p o r t .  
D e t a i l s  o f  t he  r e g u l a t o r  a r e  shown i n  F i g u r e  4-5, and d e s i g n  s p e c i f i -  
c a t i o n s  a r e  t a b u l a t e d  below. 
Flow r a t e  I t o  1.5 l b / h r  l i q u i d  o r  gas 
Opera t i ng  temperatures -32OOF t o  -t-16OoF 
I n t e r n a l  leakage 150 cc p e r  h r  o f  GN2 a t  80 k4O0F 
and I atm whi 1 e ups t  ream and down- 
~ t r e a m  n r ~ s ~ i i r c ? ~  a r e  150 and 75 
ps ig ,  r e s p e c t i v e l y .  
E x t e r n a l  leakage z e r o  
Downstream p r e s s u r e  Regu la te  a t  70 t o  80 p s i a  
Proof p ressu re  360 p s i g  
R u r s t  p r e s s u r e  480 p s i g  
I n s t a l l a t i o n  Fus ion  w e l d i n g  o n l y  
O u t l e t  l i n e  Fus ion  w e l d i n g  o n l y  
PHASE CONTROL HEAT EXCHANGER 
The phase c o n t r o l  heat  exchanger i s  a f l u i d - t o - f l u i d  exchanger brazed 
t o  the  o u t e r  s u r f a c e  o f  t h e  i n n e r  tank. I t  opera tes  i n  c o n j u n c t i o n  w i t h  
t h e  i n t e r n a l  r e g u l a t o r  t o  p reven t  excess s t o r a g e  p ressu re  and excess de- 
l i v e r y  r a t e s  when t h e  l i q u i d  phase i s  p resen t  i n  f l u i d  l e a v i n g  t h e  r e g u l a t o r .  
The exchanger u t i l i z e s  heat  e n t e r i n g  o r  s t o r e d  i n  the  vessel  t o  v a p o r i z e  
the  l i q u i d  phase. thus  i n c r e a s i n g  p ressu re  i n  t h e  exchanger and c l o s i n g  t h e  
i n  t e r n a  1 r e g u l a t o r .  
c 
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I N L E T  S I D E  OF INTERNAL REGULATOR. SHOWING PRESSURE 
SENSING PORTS AND JNLCT F J L T E R  S C R E E N  
S I O E  V I E W  Or  I N T f R N A L  REGIJLATOK 
I N T E R N A L  REGULATOR, O U T S I D E  END SHOWING CONNECTlON 
FOR D E L I V E R Y  LINE AND VACUUM SENSING PORTS 
M A T R I X  C A I K F  AFSEMRl  Y F-2790 
F i g u r e  4 - 5 .  I n t e r n a l  R e g u l a t o r  and M a t r i x  Gauge Assembly 
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The exchanger was s i z e d  f o r  adequate AT and f i l m  c o e f f i c i e n t  under 
t h e  w o r s t  case: f l o w  o f  p u r e  1 i q u i d  phase a t  1.25 l b  p e r  h r .  O r i e n t a t i o n  
and spac ing  o f  tube passes on t h e  i n n e r  vesse l  were s e l e c t e d  t o  remove a l l  
hea t  e n t e r i n g  t h e  vessel  under worst-case c o n d i t i o n s .  
Performance o f  t h e  hea t  exchanger i n  zero-g i s  one o f  t h e  parameters 
o f  i n t e r e s t  d u r i n g  t h e  f l i g h t  t e s t .  Temperature probes a r e  t h e r e f o r e  
l o c a t e d  a t  each end f o r  t e l e m e t r y  o f  f l i g h t  t e s t  data.  
P r i o r  t o  success fu l  f a b r i c a t i o n  o f  an i n n e r  vesse l  w i t h  t h i s  exchanger, 
a number o f  problems were encountered i n  f u r n a c e - b r a z i n g  t h e  s t a i n l e s s  s t e e l  
exchanger t o  t h e  I n c o n e l  hemisphere. 
t o  s t r e s s  c o r r o s i o n  c r a c k i n g .  
M a t e r i a l s  and Process Labora to ry ,  a t w o - f o l d  d e s i g n  change was made t o  s o l v e  
the  problem. 
and an improved b raze  a l l o y  was in t roduced .  Sample b r a z e  j o i n t s  were 
p repared  and s e c t i o n e d  f o r  i n s p e c t i o n .  D e t a i l e d  i n s p e c t i o n s  o f  the com- 
p l e t e d  b r a z e  j o i n t s  showed t h a t  t h e  problem had been c o r r e c t e d .  
Scrapping o f  one hemisphere was due 
A f t e r  development work by  t h e  AiResearch 
The hemispheres were s t r e s s - r e l i e v e d  j u s t  p r i o r  t o  braz ing,  
Des ign  s p e c i f i c a t i o n s  o f  t h e  heat exchanger a r e  t a b u l a t e d  below. [ A  
p o r t i o n  o f  t h e  exchanger i s  v i s i b l e  on t h e  bot tom hemisphere i n  F i g u r e  4-9.1 
Mate r  i a 1 S t a i n l e s s  S t e e l  
Tube dimensions 0.125- in.  OD x 0.012- in.  w a l l  
Spac i ng 12- in.  nominal between passes 
F l u i d  N i t r o g e n  i i q u i d  or  iiapzlr 
O p e r a t i n g  p r e s s u r e  70 t o  80 p s i a  
P r o o f  p r e s s u r e  360 p s i g  
B u r s t  p r e s s u r e  480 p s i g  
QUA NT I TY S EN SO R 
Mounted i n  t h e  s t o r a g e  vessel  i s  a gauge t o  sense q u a n t i t y  o f  f l u i d  
p r e s e n t .  T h i s  i s  a c a p a c i t a n c e  dev ice,  c o n s i s t i n g  o f  two intermeshed, 
c u b i c a l  m a t r i c e s  f i l l i n g  t h e  i n n e r  tank. Q u a n t i t y  i s  measured by sens ing  
t h e  change i n  c a p a c i t a n c e  between the m a t r i c e s  when a 5-kc square wave 
s i g n a l  i s  a p p l i e d .  
s t o r e d  f l u i d ,  w h i c h  i n  t u r n  v a r i e s  w i t h  the  average d e n s i t y  o f  t h e  s t o r e d  
f l u i d .  Thus, sensor o u t p u t  i s  p r o p o r t i o n a l  t o  f l u i d  q u a n t i t y ,  r e g a r d l e s s  
o f  t h e  r a t i o  o f  l i q u i d  t o  vapor or t h e  o r i e n t a t i o n  o f  phases. 
Capaci tance v a r i e s  w i t h  t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  
The m a t r i x  gauging system i s  r e l a t e d  t o  systems used i n  Gemini, LEM, 
and B i o s a t e l l i t e  s u p e r c r i t i c a l  tankage. The s i g n a l  c o n d i t i o n e r  used i n  
t h i s  program i s  a s l i g h t l y  m o d i f i e d  v e r s i o n  o f  t h e  u n i t  developed f o r  LEM 
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tankage.  The c o n c e n t r i c  cy1 i n d e r  c a p a c i t o r s  i n  s u p e r c r i t i c a l  t anks  a r e  n o t  
s u i t e d ,  however, f o r  s u b c r i t i c a l  systems, because o f  t h e  p resence  o f  two 
phases i n  a ze ro -g  env i ronment .  For t h i s  reason, s i n c e  s u b c r i t i c a l  s t o r a g e  
was f i r s t  conceived, A iResearch  has worked t o  d e v e l o p  gauges t o  sense 
q u a n t i t y  t h roughou t  t h e  s t o r a g e  space. T h i s  program o f f e r s  t h e  f i r s t  
o p p o r t u n i t y  f o r  extended t e s t i n g  o f  one concep t  o f  m a t r i x  gaug ing  i n  ze ro -5 .  
The p resen t  m a t r i x  system rep resen ts  an advancement o v e r  t h e  gauges 
used i n  Phase I s u b c r i t i c a l  t anks .  I n  t h e  Phase I t anks :  one m a t r i x  was 
u t i l i z e d  as an extended hea t  t r a n s f e r  s u r f a c e  f o r  t h e  i n t e r n a l  h e a t e r ,  and 
was t h e r e f o r e  grounded t o  t h e  i n n e r  vesse l  t h rough  t h e  h e a t e r  l eads .  I n  
t h e  Phase I1 system, t h e  i n n e r  vesse l  i s  used as  t h e  ex tended hedt  t r a n s f e r  
s u r f a c e .  Both m a t r i c e s  a r e  t h e r e f o r e  e l e c t r i c a l l y  i s o l a t e d  f r o m  t h e  grounded 
i n n e r  v e s s e l .  A d d i t i o n a l  improvements have been made i n  t h e  a t t a c h m e n t  o f  
t h e  m a t r i c e s  t o  w i t h s t a n d  t h e  h i g h  env i ronmen ta l  l oads  d u r i n g  l aunch  o f  t h e  
S a t u r n  I B  v e h i c l e .  
F i g u r e s  4 - 6  and 4-7  a r e  photographs  o f  t h e  q u a n t i t y  senso r  t a k e n  d u r -  
i n g  i n s t a l l a t i o n .  Des ign  s p e c i f i c a t i o n s  a r e  t a b u l a t e d  be low.  
Rod s i z e  
Spac i ng 
F a b r i c a t i o n  
M a t r i x  leads  
H a t r i x  lead  shea th  
F i g u r e  4-6. 
I n s t a l l a t i o n  
Top View of M a t r i x  
0 . 0 4 5  and 0 .093  
The c e n t e r l i n e  s p a c i n g  o f  a l l  rods  
o f  each m a t r i x  i s  2 .5 i n .  The 
c e n t e r l i n e  d i s t a n c e  o f  each m a t r i x  
r o d  f r o m  i t s  n e a r e s t  p a r a l l e l  rods  
i n  t h e  m a t i n g  m a t r i x  i s  1.77  i n .  
Tack-weld and f u r n a c e - b r a z e  
No. 77 w i r e  
1 / 8 - i n .  OD x 0 .012 - in .  w a l l  x 18 min .  
1 e n g t h  
F- 5044 
F i g u r e  4-7 .  F u l l  S i d e  View o f  
M a t r i x  I n s t a l  l a t  i o n  
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PRESSURE MAINTENANCE HEATER 
The p ressu re  maintenance h e a t e r  s u p p l i e s  p a r t  of  t h e  energy f o r  p res -  
s u r e  b u i l d u p  be fo re  launch and a l l  of t h e  energy r e q u i r e d  f o r  p ressu re  
ma in tename a f t e r  launch.  I t  i s  an e l e c t r i c a l  r e s i s t a n c e  d e v i c e  brazed 
t o  an extended copper s u r f a c e  i n  t h e  bot tom h a l f  o f  t h e  i n n e r  vesse l .  
O f f -on  c o n t r o l  i s  p r o v i d e d  by a p ressure  s w i t c h  mounted on t h e  vessel  
g i r t h  r i n g  and sens ing  s t o r a g e  pressure.  
The h e a t e r  i s  ene rg i zed  a u t o m a t i c a l l y  by a low-pressure  s i g n a l  when- 
There i s  no p r o t e c t i v e  s w i t c h  t o  b l o c k  h e a t e r  
ever  e l e c t r i c a l  power i s  a v a i l a b l e  t o  t h e  s u b c r i t i c a l  system th rough t h e  
I U  ( b o o s t e r )  power supp ly .  
e n e r g i z a t i o n  when t h e  tank  i s  empty. Heater  power i s  mon i to red  by Cur ren t  
M o n i t o r  1 1  over  t h e  range 0 t o  3 amp f o r  t e l e m e t r y .  
F i g u r e  4-8 shows t h e  h e a t e r  and extended s u r f a c e  i n s t a l l e d  i n  the  
lower  hemisphere. Des ign  s p e c i f i c a t i o n s  a r e  t a b u l a t e d  below. 
Vo l tage  28 6 . 3  v dc 
Power o u t p u t  50 5 5  w 
Res is tance  a t  70°F t o  -320°F 15.8 k1.2 ohm 
Operat i o n  To o p e r a t e  w h i l e  submerged i n  1 iqu ic !  
n i t r o g e n  a t  14.7 t o  170 p s i a  
o r  i n  e q u i l  i b r i u m  s t a t e  vapor a t  
t h e  L , l G ~ " 8 I " I  7 t L . " q , d  ;-nc ! istec!; 
Ex t e r n a  1 p r o o f  p r e s s u r e  I 360 p s i g  
E x t e r n a l  b u r s t  p ressu re  480 p s i g  
Maximum a l l o w a b l e  sheath temp I BOOOF 
PRESSURE BUILDUP HEATER 
Because o f  power l i m i t a t i o n s  a f t e r  launch and the  d e c i s i o n  t o  f l y  w i t h  
a 60-percent  f i l l :  two e l e c t r i c a l  heaters  a r e  r e q u i r e d  f o r  i n i t i a l  p res-  
s u r i z a t i o n  w i t h i n  t h e  4 -h r  l i m i t .  The b u i l d u p  h e a t e r  i s  an e l e c t r i c a l  
r e s i s t a n c e  d e v i c e  brazed to  t h e  bot tom o f  the  i n n e r  vesse l .  To m i n i m i z e  
p e v e t r a t i o n s .  i t  i s  l o c a t e d  on t h e  o u t e r  s u r f a c e  o f  t h i s  vesse l .  
The b u i l d u p  h e a t e r  i s  connected t o  t h e  G S E  power supp ly .  A l l  h e a t e r  
c o n t r o l s  a r e  l o c a t e d  on t h e  ground suppor t  equipment s i n c e  power i s  n o t  
a v a i l a b l e  t o  t h i s  hea te r  a f t e r  launch. 
F i g u r e  4-9 i s  a photograph o f  the lower hemisphere showing t h e  b u i l d u p  
h e a t e r .  ( T h i s  f i g u r e  i s  a view o f  the o u t s i d e  o f  t h e  same h a l f - s h e l l  seen 
i n  F i g u r e  4 - 8 ,  showing tempera ture  sensor lead, m a t r i x  a t tachment  p o i n t s ,  
and a n n u l a r  lines w i t h  e x t e r n a l  bosses a t t a c h e d . )  The p ressu re  b u i l d u p  
AIRESEARCH MANUFACTURING DIVISION 
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F i g u r e  4-8. I n n e r  Vessel Lower 
Hemisphere Assembly, I n t e r n a l  View 
F i g u r e  4-9. Lower Hemisphere w i t h  
Sensor Lead, M a t r i x  A t tachment  
Po in ts ,  and A n n u l a r  L i n e s  
I 
h e a t e r  i s  rou ted  from t o p  t o  b o t t o m  a t  r i g h t  cen te r ,  w h i l e  t h e  phase c o n t r o l  
hea t  exchanger i s  rou ted  f rom l e f t  t o  r i g h t  around suppor t  pad l o c a t i o n s .  
Welded tabs  seen on these h e a t e r s  a r e  used t o  h o l d  them i n  p l a c e  d u r i n g  t h e  
t a c t  su r face .  
, ' f u r n a c e  b r a z i n g  o p e r a t i o n .  The tabs  p r o v i d e  c o n t i n u o u s  hea t  t r a n s f e r  con- 
Design s p e c i f i c a t i o n s  f o r  t h e  p r e s s u r e  b u i l d u p  h e a t e r  a r e  g i v e n  below.  
I n p u t  v o l t a g e  
Heat ing  power 
18 k0.3 v dc 
180 + I 8  w 
Res is tance a t  7OoF t o  -32OoF 4.39 L0.35 ohms 
Ex te rna l  p r o o f  p r e s s u r e  360 p s i g  
Ex te rna l  b u r s t  p r e s s u r e  480 p s i g  
Maximum a l l o w a b l e  sheath  temp I 8OO0F 
Heater  lead ( 2 ; )  1 /8 - in .  OD x 0 .012- in .  w a l l  x 18 m i n  
l e n g t h  (No. 22 c o n d u c t o r s )  
4 -  14 
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Three p ressu re  sensors a r e  used on 
t h e  s u b c r i t i c a l  system (‘Figure 4-10.) 
Two a r e  mounted on  t h e  s t o r a g e  vesse l  
g i r t h  r i n g  and one on t h e  s i g n a l  con- 
d i t i o n e r  p l a t e .  Des ignated  P I  and P, 
on  t h e  schemat ic  diagram, t h e  f i r s t  
two u n i t s  measure p ressu re  i n  t h e  
s to rage  vessel  and phase c o n t r o l  heat  
exchanger, r e s p e c t i v e l y .  D e l i v e r y  
p ressu re  i s  measured by P 3 .  
The des ign  i n c o r p o r a t e s  a sea led  
a 1 umi num case, we1 ded sens i ng e l  ement , 
and welded e l e c t r o n i c  c i r c u i t r y .  
Design s p e c i f i c a t i o n s  a r e  g i v e n  i n  
Tab le  4-4. 
PRESSURE SWITCH 
The p ressu re  s w i t c h  c o n t r o l s  
a p p l i c a t i o n  o f  power t o  t h e  p ressu re  
maintenance hea te r .  ~t c o n t a i n s  d 
hermet i c a l  l y  sealed,  cormal l y  c l o s e d  
PRESSURE ELEMENT 
I N L n  PER AND 10050-2 
F I T T I N G  PER HS33656-2, SUPPLIED, 
MOUNTING HOLES .20 DIA  
THIU 4 PIACES FOR YO. I O  
SOCKET HEAD CAP SCREVS 7 
NCUWL 
CONNECTIONS 
:: ) z w v c  
:!) o TO svnr 
INPLT 
OUTPLf 
ACCESS SCREWS FOR ZERO 
RECEPTACLE. EAYONEI. 
M T I N G  CONNECTWI BENDIX PT06U-8-45-01 I 
(BAYONET) 
F i q u r e  4- I O .  Pressure  Sensor 
e l e c t r i c  s w i t c h .  The c o n t a c t  arm i s  ma in ta ined  i n  t h e  c losed  p o s i t i o n  by a 
sp r ing - loaded  diaphragm. The oppos i te  s i d e  o f  t h e  diaphragm i s  exposed t o  
s t o r a g e  vesse l  p ressu re .  When t h i s  p ressu re  exceeds t h e  s p r i n g  fo rce ,  move- 
ment o f  t h e  diaphragm opens t h e  s w i t c h  and iritei-i-iipts pv”i;e; t= the h e a t e r ,  
S p e c i f i c a t i o n s  a r e  g i v e n  below. 
AiResearch P/N 8006 12- I 
Env i ronmenta l  C o n d i t i o n s  
Opera t i ng  pressure,  a c t u a t i o n  170 p s i g  (max) 
Opera t i ng  pressure,  d e a c t u a t i o n  130 p s i g  (m in )  
P roo f  p r e s s u r e  360 p s i g  
B u r s t  p ressu re  480 p s i g  
F 1 u i d  temperat u r e  -65 t o  160’F 
Ambient tempera ture  -65 to 160°F 
Leakage 0 a t  170 p s i g  
E l e c t r i c a l  Cond i t i ons  
I n p u t  v o l t a g e  
Cur ren t  c a p a c i t y  
18 50.3 v dc 
6 amp max 
Connect i ons 
Connects t o  Bendix  PT02H-8-3P 
Sensor and ven t  p o r t s  per  MS-24385-4 
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TABLE 4-4 
D E S I G N  SPECIFICATIONS FOR PRESSURE SENSORS 
I Wiancko P/N 
Opera t i ng  pressure,  P I  and P 2  
Opera t i ng  pressure,  P 3  
Maximum p ressu re  w i t h o u t  damage 
Output v o l t a g e  
Ex te rna l  load  
Output r e g u l a t i o n  
Power requirements 
Vol tage  
Cur r e n t  
Ba 1 ance 
L i n e a r i t y  
H y s t e r e s i s  
Ranges th rough 2500 p s i  
Resol u t i  on 
Output impedance 
Output r i p p l e  
R i s e  t ime 
Temperature e f f e c t s  
A c c e l e r a t i o n  s e n s i t i v i t y  
V i b r a t i o n  e f f e c t s  
P2-32 50-2 
20 t o  250 p s i a  
0 t o  100 p s i a  
150 percen t  o f  range 
0 t o  5 vdc 
15,000 ohms m in  
0.05 percen t  o f  f u l l  s c a l e  p e r  
v o l t  change i n  i n p u t  ( o v e r  22 t o  
32 vdc, Reference 28 v )  
28 v dc nominal, o p e r a b l e  22 t o  
32 v dc 
9 ma maximum, ove r  22 t o  32 v 
0 p s i a  
1-0.5 percen t  o r  l e s s  o f  t o t a l  range 
0.1 p e r c e n t  o r  l e s s  o f  p ressu re  
span 
Cont i nuous 
200 ohms nominal, 300 ohms maximum 
from 15,000 ohms t o  open c i r c u i t  
1 oad 
0.3 p e r c e n t  r m s  o r  l e s s  o f  F.S. 
o u t p u t  v o l t a g e  
1.5 ms t o  67 pe rcen t  
Less t h a n  i2.5 p e r c e n t  o f  range 
o v e r  t h e  temperature range f rom 
0.001 p e r c e n t  t o  0.05 p e r c e n t  o f  
f u l l  s c a l e  p e r  g, depending on  
range 
I p e r c e n t  r m s  o r  l e s s  f o r  20 g 
v i b r a t i o n ,  40 g w i t h o u t  damage, 
-65OF t o  .t 2OOOF 
20 t o  2000 cps 
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RELIEF VALVES 
Two r e l i e f  va l ves  a r e  used i n  the s u b c r i t i c a l  system: one i n  t h e  ven t  
l i n e  f o r  p r o t e c t i o n  of t he  s t o r a g e  vessel ,  and one f o r  p r o t e c t i o n  o f  t h e  
d e l i v e r y  -1 ine.  
Spec i f  i c a t  ions  a r e  g i ven  below. 
The re1 i e f  v a l v e s  a r e  
James, Pond and C larke ,  I n c .  P/N 
Va lve  m a t e r i a l  
O - r i n g  m a t e r i a l  
Opera t i ng  tempera ture  
Re1 i e f  p ressu re  
Reseat p ressu re  
Minimum f l o w  r a t e  a t  260 p s i g  
A 1  lowab le  e x t e r n a l  leakage 
A l l o w a b l e  leakage pas t  poppet 
SOLENOID SHUTOFF VALVE 
i d e n t i c a l  i n  d e s i g n  and o p e r a t i o n .  
5120T-IOT8-200 
303 S t a i n l e s s  S t e e l  
Te f  1 on 
-65'F t o  +I6OoF 
240 p s i g  maximum 
200 p s i g  minimum 
4 lb /min  n i t r o g e n  
None 
0.0002 l b / h r  n i t r o g e n  a t  190 p s i g ,  -65'F 
A s o l e n o i d  s h u t o f f  v a l v e  i s  r e q u i r e d  t o  I n i L i d ~ t :  U C ; ; ~ ~ , ~  U : L ~ , -  :F.: r t z r -  
age vesse l  reaches o p e r a t i n g  pressure .  However, t h e r e  i s  no  c o n t r o l  channel 
a v a i l a b l e  i n  f l i g h t  t o  a c t i v a t e  t h e  so leno id .  The s u b c r i t i c a l  system t h e r e f o r e  
uses a n o r m a l l y  open, power - to -c lose  v a l v e  wh ich  i s  connected t o  t h e  GSE power 
r i r c i - i i t .  When the  GSE u m b i l i c a l  i s  d isconnected  s h o r t l y  b e f o r e  launch, t h e  so- 
l e n o i d  v a l v e  opens and remains open t h e r e a t t e r .  Thus, the s y s t e i x  deliver5 gas- 
eous n i t r o g e n  a t  a s i n g l e  f l o w  r a t e  f rom launch u n t i l  t h e  s t o r a g e  vesse l  empt ies.  
The s o l e n o i d  v a l v e  i s  a s i n g l e  poppet d e v i c e  purchased f rom Eckel Va lve  
Company. 
due t o  t h e  i n i t i a l  requ i rement  f o r  an oxygen system. Des ign  s p e c i f i c a t i o n s  
f o l  low. 
The exp los  i on -p roo f  s o l e n o i d  i s  designed for  gaseous oxygen d e l  i ve ry ,  
Eckel  Va lve  Co. P/N 
Power Requirement 
AF 77C-12 
17 t o  30 v dc, 0.32 amp a t  28 v and 
70 t o  8OoF con t inuous  
E q u i v a l e n t  o r i f i c e  0.035- in .  d i a  where CD == 0.65 
Leakage, i n t  erna 1 I O  c c / h r  max ( 0 2 )  a t  250 p s i g ,  
70 t o  8OoF 
Leakage, e x t e r n a l  None, 0 t o  250 p s i g  
Pressures  
Temperatures 
Qual i f  i c a t  i on  
Opera t i ng  0 t o  250 p s i g ,  p r o o f  375 p s i g  
and b u r s t  625 p s i g  
Ambient and e f f l u e n t  70 t o  8OoF 
MIL-S-4040A9 except  Paragraph 3.3.1 
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ABSOLUTE PRESSURE REGULATOR 
The a b s o l u t e  p ressu re  r e g u l a t o r  
( F i g u r e  4-1 I )  c o n t a i n s  a balanced 
poppet ma in ta ined  i n  the  open p o s i t i o n  
by a c a l i b r a t e d  be i l ows .  One s i d e  o f  , 
t h e  be l l o r l s  i s  open t o  t h e  ambient, 
caus ing  the u n i t  t o  a c t  as an a b s o l u t e  
r e g u l a t o r  i n  t h e  vacuum o f  space. 
The ocher  s i d e  of t h e  b e l l o w s  i s  r e f -  
erenced t o  downstream p r e s s u r e  i n  
t h e  d e l i v e r y  l i n e .  An inc rease  i n  
p ressu re  compresses the  be l l ows ;  t h i s  
r e t r a c t s  the  poppet and reduces f l o w .  
The r e s u l t i n g  p ressu re  r e d u c t i o n  
a l l o w s  t h e  poppet t o  r e t u r n  t o  i t s  
normal o p e r a t i n g  p o s i t i o n .  Design 
s p e c i f i c a t i o n s  a r e  g i v e n  below. 
J P I  wx 
A- I8854 
F i g u r e  4-11.  A b s o l u t e  Pressure 
Regu 1 a t o r  
A i  Research P/N 
Flow r a t e  
F l u i d  temperature 
Ambient temperature 
I n l e t  p ressu re  
Discharge p ressu re  
Opera t i ng  p ressu re  
Proof  p ressu re  
Burs t p ress u r e  
Ex terna l  leakage, n i t r o g e n  
8006 I 8- I 
1.0 t o  1.5 I b / h r  n i t r o g e n  vapor 
50 t o  7OoF 
-65 t o  16OoF 
70 t o  170.ps ia  
55 t o  65 p s i a  
70 t o  80 p s i a  
360 p s i g  
480 p s i g  
I O  sec/hr  a t  150 p s i g  
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System i n s t r u m e n t a t i o n  i nc ludes  f i v e  temperature-measur ing probes.  These 
probes a r e  p l a t i n u m  r e s i s t a n c e  thermometers sea led  i n  s t a i n l e s s  s t e e l  j a c k e t s .  
M a t i n g  s i g n a l  c o n d i t i o n e r s  a r e  mounted on t h e  s i g n a l  c o n d i t i o n e r  p l a t e  t o  p ro-  
v i d e  0- t o  5-v d-c o u t p u t  s i g n a l s  p r o p o r t i o n a l  t o  t h e  tempera tu re  probe o u t p u t s .  
Des i qna t i on Loca t i on Range 
T I  S torage v o l  ume top  130 t o  230'R 
T2 Storage volume bot tom 130 t o  230'R 
T3 Phase c o n t r o l  exchanger i n l e t  130 t o  230'R 
T L  Phase c o n t r o l  exchanger o u t l e t  130 t o  230'R 
T5 Vapor d e l i v e r y ,  s i g n a l  c o n d i t i o n e r  p l a t e  460 t o  560'R 
Storage vessel  tempera ture  probes a r e  v i s i b l e  i n  F i g u r e  4 - 8 .  Design 
s p e c i f i c a t i o n s  f o r  a l l  tempera ture  probes a r e  g i v e n  below. 
I I ,n, 
HCCU racy  -*..a I ,  
Sheath d imensions T I  t h rough  T 4 :  5/32 i n .  OD x 0.028-in. 
w a l l  x 18-in. l e n g t h  
DELIVERY TEMPERATURE CONTROLLER 
The d e l i v e r y  tempera ture  c o n t r o l l e r  i s  a p r e c a u t i o n a r y  d e v i c e  t o  assure  
t h a t  f l u i d  e n t e r s  t h e  f l o w  meter  as vapor phase a t  50'F minimum. T h i s  d e v i c e  
i s  s i z e d  t o  hand le  pu re  l i q u i d  phase i n  t h e  event  t h a t  t h e  i n t e r n a l  v a l v e  and 
phase c o n t r o l  heat  exchanger do n o t  f u n c t i o n .  I t  c o n s i s t s  o f  a sensor, con- 
t r o l l e r ,  and e l e c t r i c  hea te r .  Hea te r  power i s  mon i to red  d u r i n g  space f l i g h t  
o v e r  t h e  range 0 t o  3 amp t o  de termine e f f i c i e n c y  o f  t h e  i n t e r n a l  v a l v e  and 
exchanger. The c o n t r o l l e r  i s  mounted on t h e  s t o r a g e  vesse l  g i r t h  r i n g .  The 
sensor  i s  a t h e r m i s t o r  element l oca ted  i n  t h e  o u t l e t  p o r t  o f  t h e  heater .  The 
h e a t e r  c o n s i s t s  o f  a formed s t a i n l e s s  s t e e l  tube w i t h  h e a t e r  elements brazed 
t o  i t .  The assembly i s  v i s i b l e  i n  F igu re  4 - 4 ,  cen te red  on  t h e  g i r t h  r i n g .  
The s q u j r e  box i s  t h e  c o n t r o l l e r  housing, w h i l e  t h e  tubes  pass ing  underneath 
a r e  t l i e  ::e'3t exchanger and sensor. 
F i g u r e  4-12  i s  a b l o c k  d iagram o f  t h e  c o n t r o l  module. The 2-kc o s c i l l a -  
t o r  p r o v i d e s  a square wave o u t p u t  s i g n a l .  T h i s  s i g n a l  i s  b u f f e r e d  and a m p l i f i e d  
f o r  use a s  t h e  b r i d g e  d r i v e r .  B r i d g e  ba lance may be a d j u s t e d  w i t h  a po ten t iom-  
e t e r .  The o u t p u t  a-c v o l t a g e  o f  t h e  b r i d g e  i s  a m p l i f i e d  and then summed w i t h  
t h e  i n p u t  s i g n a l  t o  t h e  bridge f o r  phase c o n t r o l .  ( T h i s  t e l l s  t h e  module 
whether  t h e  t h e r m i s t o r  i s  above o r  below c o n t r o l  tempera ture . )  The o u t p u t  o f  
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t he  module i s  shu t  o f f  comp le te l y  ( t o  
reduce thermal problems and conserve 
power), a separate t u r n - o f f  b i a s  sec- 
t i o n  i s  prov ided.  A p o r t i o n  o f  t h e  
2-kc o s c i l l a t o r  i s  amp1 i f  ied, clamped t o  
r e c t i f i e d  and f i l t e r e d .  Added t o  i n p u t  
p o s i t i v e  input  vo l tage,  and then B I A S  + 
DARLINGTON - 
E 1 ec t r i ca 1 Heater  
I n p u t  v o l t a g e  28 20.3 v dc 
Heat i ng power 70 +5 w 
Flow medium 
Heat ing element r e s i s t a n c e  11.24 k0.57 ohms 
a t  7OoF and a t  o p e r a t i n g  
temperature 
N i t rogen 
Flow r a t e  1.25 k0.125 l b / h r  
Maximum a l l o w a b l e  we igh t  0.5 l b  
Minimum i n l e t  temperature -320OF 
Out l e t  temperature 60 + I O ° F  
C o n t r o l l e r  
I n p u t  vo l tage  
Maximum power consumpt i o n  
28 k0.3 v dc 
I O  w 




Cryogenic  s t o r a g e  vesse ls  a r e  c u s t o m a r i l y  des igned f o r  r i g i d  a t tachment  
t o  t h e  launch v e h i c l e  s t r u c t u r e .  The o u t e r  s h e l l  and e x t e r n a l  components a r e  
des igned f o r  f u l l  v i b r a t i o n  i n p u t  l e v e l s .  Th i s  i s  p r a c t i c a l  s i n c e  t h e  mass o f  
t h e  o u t e r  s h e l l  and components i s  o n l y  a smal l  f r a c t i o n  o f  t h e  f i l l e d  system 
we igh t .  Most o f  t h e  mass i s  assoc ia ted  w i t h  t h e  i n n e r  vesse l ,  wh ich  i s  sup- 
p o r t e d  on compressed f i b e r g l a s s  pads. These pads a c t  as i s o l a t o r s ,  e f f e c t i v e l y  
reduc ing  v i b r a t i o n  i n p u t  t o  t h e  i n n e r  vessel .  Optimum des ign  i s  ach ieved when 
t h e  pads a r e  s i z e d  t o  have a n a t u r a l  f requency o f  40 cps when t h e  t a n k  i s  
f i l l e d .  ( F o r  a p a r t i a l l y  f i l l e d  system, t h e  n a t u r a l  f requency i nc reases . )  
F i b e r g l a s s  pads a r e  d i sp lace rnen t - l im i ted  a t  t h e  n a t u r a l  f requency .  
Excess ive  v i b r a t i o n  i n p u t  a t  resonance a l l o w s  s l i p p a g e  o f  t h e  pads and loss  
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P r i o r  t o  a May 1965 meet ing  a t  t he  Marsha l l  Space F l i g h t  Center, t h e  sub- 
c r i t i c a l  system was b e i n g  des igned t o  accommodate a l l  dynamic requ i rements  
th rough  r i g i d  suppor ts .  However, new v i b r a t i o n  requ i  rements generated d u r i n g  
t h i s  mee t ing  exceeded t h e  l i m i t i n g  resonance i n p u t  l e v e l s  o f  f i b e r g l a s s  pads 
wh ich  c o u l d  be i n s t a l l e d  i n  t h i s  s to rage vesse l .  To a v o i d  a ma jo r  des ign  
change and t h e  a s s o c i a t e d  s l i p  i n  d e l i v e r y  schedule, e l a s t o m e r i c  v i b r a t i o n  
i q n l a t n r q  were i n s t a l l e d  between the  o u t e r  s h e l l  and t h e  suppor t  s t r u c t u r e  
mounted i n  t h e  launch v e h i c l e .  The s to rage  vesse l  then became a ayndrri i i  b y > -  
tern w i t h  2 degrees o f  freedom. 
c i f i e d  a t  20 cps so t h a t  t h e y  would be a t t e n u a t i n g  t h e  i n p u t  a t  resonance f o r  
t h e  f i b e r g l a s s  pads. 
Na tu ra l  f requency  o f  t h e  new i s o l a t o r s  was spe- 
T h i s  rep resen ted  t h e  f i r s t  a t tempt  t o  mount a l a r g e  c r y o g e n i c  s t o r a g e  
system on i s o l a t o r s  f o r  space f l i g h t .  C o n t r a c t  m o d i f i c a t i o n s  were made t o  
p r o v i d e  f o r  dynamic a n a l y s i s ,  m inor  des ign changes, and q u a l i f i c a t i o n  t e s t i n g  
w i t h  t h e  i s o l a t o r s  i n s t a l l e d .  
V i b r a t i o n  t e s t  requ i rements  were inc reased a second t ime  d u r i n g  November 
1965. F a b r i c a t i o n  o f  b o t h  systems had been completed, and q u a l i f i c a t i o n  t e s t -  
i n g  was i n  p rog ress .  I n f o r m a t i o n  o b t a i n e d  a t  MSFC showed t h a t  low- f requency 
a m p l i t u d e s  i n  t h e  new s p e c i f i c a t i o n  bottomed o u t  t h e  e l a s t o m e r i c  i s o l a t o r s  and 
caused f a i l u r e  o f  t h e  mount ing p i n s .  
The new v i b r a t i o n  requi rement  imposed t h e  need f o r  custom-made v i b r a t i o n  
i s o l a t o r s .  A secondary des ign  t a r g e t  f o r  t h e  new i s o l a t o r s  was t o  remain 
w i t h i n  t h e  d imens iona l  envelope o f  the  p r e v i o u s  i s o l a t o r s  so t h a t  redes ign  o f  
t he  l a u n c h  v e h i c l e  a t tachment  s t r u t s  would n o t  be requ i red .  New v i b r a t i o n  
i s o l a t o r s  ( F i g u r e  4 - 1 3 )  were s u c c e s s f u l l y  des igned and procured on an a c c e l -  
e r a t e d  schedu le  f o r  d e l i v e r y  w i t h  t h e  s u b c r i t i c a l  systems. These i s o l a t o r s  
were des igned t o  have a n a t u r a l  frequency o f  20 cps and a t r a n s m i s s i b i l i t y  o f  
l e s s  t h a n  3.5 cps a t  resonance. I n  a d d i t i o n ,  t h e  i s o l a t o r s  were des igned t o  
p r e v e n t  me ta l - to -me ta l  con tac t ,  regard less  of amp1 i tude. The e las tomer  c o r e  
was a l s o  r e s t r z i n e d  t o  p r e v e n t  complete s e p a r a t i o n  f rom t h e  o u t e r  cap i n  the  
event  o f  f a i l u r e .  
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3/8-16 UNC THO 
.56 MINIMUM DEPTH 
K A X I A L  62,000 L B / I N .  t l 5 %  
K RADIAL 4,860 L B I I N .  t156 
. 25  
DEFLECTION I N  INCHES 
25 35 
IMPRESSED FREQUENCY C . P .  S +I Ok 
A- I8855 
F i g u r e  4-13 .  V i b r a t i o n  I s o l a t o r  
S ince t h e  schedule a l l owed  no t i m e  f o r  r e a n a l y s i s  o r  t e s t i n g  o f  t h e  s t o r -  
age vesse l  w i t h  t h e  new i s o l a t o r s ,  AiResearch was r e l i e v e d  o f  r e s p o n s i b i l i t y  
f o r  meet ing t h e  new v i b r a t i o n  t e s t  requi rements.  
was shipped t o  MSFC, where t h e  s t o r a g e  vesse l  was s u c c e s s f u l l y  q u a l i f i e d  w i t h  
t h e  new i s o l a t o r s  under t h e  s u p e r v i s i o n  o f  MSC pe rsonne l .  
a r e  g i v e n  below. 
The q u a l i f i c a t i o n  system 
Design s p e c i f i c a t i o n s  
Isomode D i v i s i o n ,  Cal-Val 
Research and Development 
Corp., P / N  735 I I 4 6  
Amb i en t t empera t u r e  -65  t o  +25OoF 
Max. excurs i o n  b e f o r e  snubbing 0 . 2 5  i n .  r a d i a l  o r  a x i a l  
M a t e r i a  1 
Dynamic l o a d i n g  
M i l d  s t e e l ,  cadmium p l a t e d  p e r  
QQ-P-416 and s i  1 i cone base e las tomer  
Rad ia l  d i r e c t i o n  900 l b  
Ax ia  1 d i r e c t  i on  900 l b  
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SIGNAL COND I T 1  ONER PLATE 
The s i g n a l  c o n d i t i o n e r  p l a t e  i s  a r e i n f o r c e d  aluminum p l a t e  w h i c h  se rves  
as a m o u n t i n g  p l a t f o r m  f o r  s i g n a l  c o n d i t i o n e r s  and o t h e r  components n o t  mounted 
on t h e  s t o r a g e  vesse l  g i r t h  r i n g .  These components i n c l u d e  f i v e  t e m p e r a t u r e  
s i g n a l  c o n d i t i o n e r s ,  two e l e c t r i c a l  c u r r e n t  mon i to rs ,  t h e  q u a n t i t y  gauge s i g -  
n a l  c o n d i t i o n e r ,  two p r e s s u r e  t ransducers ,  one f l o w m e t e r  and s i g n a l  c o n d i t i o n e r ,  
one f l o w  r e s t r i c t o r ,  one EM1 f i l t e r ,  the f i l l  and vent  va lves ,  and e l e c t r i c a l  
i n t e r f a c e  c o n n e c t o r s  f o r  t h e  s u b c r i t i c a l  system. The subassembly i s  shown i n  
F i g u r e  4-14 b e f o r e  i n s t a l l a t i o n  o f  t h e  EM1 f i l t e r .  
The p l a t e  i s  mounted t o  t h e  nose cone framework i n  a h o r i z o n t z l  p o s i t i o n ,  
d i r e c t l y  above t h e  s t o r a g e  v e s s e l .  Connect ions between t h e  p l a t e  and s t o r a g e  
vesse l  c o n s i s t  o f  one I /b- in.-OD b y  0.035- in .  w a l l  tube  f o r  vapor  d e l i v e r y  and 
two 5 /16 - in .  OD b y  0 .035- in .  w a l l  tubes f o r  f i l l  and v e n t .  A l l  tubes a r e  
5052-0 aluminum. ( F o l l o w i n g  q u a l i f i c a t i o n  o f  t h e  s t o r a g e  vesse l  a t  H u n t s v i l l e ,  
t u b i n g  was m o d i f i e d  t o  6061-T6 aluminum h a v i n g  a t h i c k e r  w a l l . )  
c o n n e c t i o n s  a r e  r o u t e d  th rough  a harness between t h e  E M 1  f i l t e r  and t h e  s t o r a g e  
vesse l  g i r t h  r i n g .  
E l e c t r i c a l  
Components i n  t h e  s u b c r i t i c a l  system a r e  des igned t o  o p e r a t e  i n  a maximum 
e n v i r o n m e n t a l  t e m p e r a t u r e  o f  16OoF. A n a l y s i s  o f  aerodynamic h e a t i n g  o f  t h e  nose 
cone was c a r r i e d  o u t  by M S C  e a r l y  i n  the  program. T h i s  a n a l y s i s  showed ,hat 
t h e  nose cone s k i n  would e x p e r i e n c e  a peak t e m p e r a t u r e  o f  625'F a p p r o x i m a t e l y  
170 sec a f t e r  l i f t - o f f .  The i n n e r  s u r f a c e  o f  t h e  nose cone was t h e r e f o r e  
covered w i t h  a low r a d i a t i o n  c o a t i n g .  To reduce heat  t r a n s f e r  by c o n d u c t i o n ,  
-he s i g n a l  c o n d i t i o n e r  p l a t e  was mounted on thermal  i s o l a t o r s .  
thermal  i s o l a t o r s  a r e  shown i n  F i g u r e  4-15. 
D e t a i l s  o f  t h e  
2 5 . 6 1 7  D l A  ( R E F )  
2 4 . 7 5 0  Dlr?  (RCF) 
ADJACENT SPACES 
WHEN TORQUED 
AS S P E C I F I E D  
L .110-.180 D I A  HOLE ( T Y P )  
HAS 1 3 5 2 C 0 8 - 2 6  SCREW ( I  REQUIRED)  
, I 5  X 5/01 WASHER ( 2  R E Q U I R E D )  
S P A C E R S  ( 3  a F Q U I R E D )  
HAS 1021C08 N U T  ( I  R E Q U I R E D )  ( 8 - 3 2 )  
TORQUE 1 5 - 1 8  I N .  L B  
a-mn 
F i g u r e  4-14. View of Signa l  Cond i t i one r  F i g u r e  4-15. Rev ised P l a t e  Mount ing  
P l a t e  D e t a i  1s 
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The s igna l  c o n d i t i o n e r  p l a t e  was qual i f i c a t i o n - t e s t e d  d u r i n g  November and 
December 1965 a t  t h e  San Tan, Ar izona, t e s t  f a c i l i t y .  Tes ts  were c a r r i e d  o u t  
w i t h  thermal i s o l a t o r s  i n  p l a c e  on t h e  p l a t e  and w i t h  a l l  hardware i n s t a l l e d  
and opera t i ng .  
FLOWMETER 
The f lowmeter i s  a d e v i c e  capable o f  measur ing mass f l o w  r a t e s  independent 
o f  minor  changes i n  f l u i d  p r e s s u r e  and temperature.  I t  opera tes  by d e t e r m i n i n g  
L ~ ~ ~ ~ t ) ~ ~  d ~ u r e  v a i i d i i o n s  becween ca i  i b ra ted  r e s i s t a n c e  thermometers. e 
The f lowmeter c o n s i s t s  o f  two packages: sensor and s i g n a l  c o n d i t i o n e r .  
Standard u n i t s  were used because o f  t h e  l o n g  lead  t i m e  r e q u i r e d  t o  o b t a i n  u n i t s  
s p e c i f i c a l l y  designed f o r  t h e  env i ronmenta l  l oads  expected d u r i n g  launch. I n  
q u a l i f i c a t i o n  o f  t h e  s i g n a l  c o n d i t i o n e r  p la te ,  t h e  s i g n a l  c o n d i t i o n e r  i t s e l f  
was separa te l y  mounted on v i b r a t i o n  i s o l a t o r s .  T h i s  i s o l a t i o n  enhanced c o n f i -  
dence i n  t h e  s i g n a l  c o n d i t i o n e r ' s  a b i l i t y  t o  w i t h s t a n d  v i b r a t i o n  damage. 
Design s p e c i f i c a t i o n s  a r e  t a b u l a t e d  below. I 
Technology, Inc. ,  P /N  MFG-3-4T w i t h  end f i t t i n q s  p e r  
MS 24386-4. 
F l u i d  Oxygen o r  N i  t rogen 
Flow 0 t o  1.5 I b / h r  
L i n e  pressure 0 t o  100 p s i  
P r o o f  pressure 150 p s i  
Pressure drop  0.65 in.  H20 a t  I -a tm l i n e  p r e s s u r e  
and f u l l - s c a l e  f l o w  r a t e  
Flow s i z e  0. 18 i n . .  
Output ( s  i ng l  e ended) 0- t o  5-v d c l i n e a r  w i t h  mass f l o w  
Impedance: Less  than 100 ohms 
Accuracy : i 2  pe rcen t  O F  f u l  1 s c a l e  , 
Time c o n s t a n t :  Less  than 0.07 sec 
Operat ing temperature range 
Signal  c o n d i t i o n e r  : 0 t o  200'F 
Flow med i um : +4OoF t o  I 10°F 
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Vo 1 tage 
Cur ren t  
E I ec t r i ca 1 connectors  
28 +4 v dc 
80 ma 
Bendix  Pygmy s e r i e s  s u p p l i e d  w i t h  
i ns t rumen t 
Ph:,si ca 1 c h a r a c t e r  i s t  i cs  
Size 
Transducer :  1.375-in. hexagon by  3.06-in. 
length,  e x c l u d i n g  f i t t i n g s  
S igna l  c o n d i t i o n e r :  3.12 by 4.5  by 1.5 in .  
Transducer :  8 .0 oz 
POWER M O N I T O R S  
The s u b c r i t i c a l  system inc ludes  a dua l  ins t rument  t o  m o n i t o r  power sup- 
p ! i e d  tn hnth t h e  p ressu re  maintenance h e a t e r  and t h e  warmup h e a t e r .  The 
m o n i t o r  i s  a d-c d i f f e r e n t i a l  a m p l i f i e r  whose i n p u t  i s  power t o  t h e  e l e c t r i c a l  
hea te rs .  
Bend ix  Pigmy Connectors (one f o r  each a m p l i f i e r )  a r e  p r o v i d e d  a top  t h e  equ ip-  
ment b e s i d e  t h e  g a i n  c o n t r o l  po ten t i omete rs .  I n  a d d i t i o n ,  t he  equipment 
i n c l u d e s  two separa te  i n t e r n a l  c u r r e n t  shunts .  Each o f  t h e  c u r r e n t  shunts  
can hand le  app rox ima te l y  2.5 t o  3.0 amp dc and produces a v o l t a g e  drop  o f  
app rox ima te l y  50 mv f o r  a p p l i c a t i o n  t o  t h e  i n p u t  t e r m i n a l s  o f  t h e  d-c a m p l i -  
f i e r s .  The o v e r a l l  tempera ture  c h a r a c t e r i s t i c s  o f  t h e  c u r r e n t  s h u n t - a m p l i f i e r  
comb ina t ion  a r e  such t h a t  a maximum o f  I -pe rcen t  f u l l - s c a l e  e r r o r  i s  i n t r o -  
duced over  t h e  tempera ture  range and o t h e r  e n v i  ronmental c o n d i t i o n s .  
power m o n i t o r  i s  shown i n  F i g u r e  4-16, between t h e  EM1 housing and t h e  f i l l /  
vent  v a l v e  hous ing . )  
Two separa te  and d i s t i n c t  a m p l i f i e r s  a r e  packaged i n  one housing. 
(The 
The d a t a  pass band o f  each a m p l i f i e r  i s  ze ro  t o  1000 c y c l e s .  Wave shapes 
appear ing  a t  t h e  i n p u t  t e r m i n a l s  o f  t h e  d-c  a m p l i f i e r  may be dc, s i n e  wave, 
o r  square wave. The square wave response i s  g i v e n  among s p e c i f i c a t i o n s  l i s t e d  
on t h e  fol  l ow ing  page. 
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Mayberry E l e c t r o n i c s  P/N 234- I 
Maximum c u r r e n t  t o  be m o n i t o r e d  3.25 amp 
Rise  and f a l l  t ime:  3501.1 - sec 
Pu lse  o v e r s h o o t :  0.25 p e r c e n t  max 
Pu lse  r i n g i n g :  0.25 p e r c e n t  max 
Maximum power consumpt ion 0.42 w 
Maximum a l l o w a b l e  w e i g h t  0.25 l b  
I n p u t  v o l t a g e  28 k0.3 v dc 
No i se immun i t y  
Amb 
H um 
F I L L  AND 
Per E M 1  S p e c i f i c a t i o n  
MIL-1-26600 ( U S A F )  p l  U S  
NASA Addendum r lSC-ASPO-EMI -  I OA , 
Uctober  17, 1963 
en t  tempera ture  range -65'F t o  -t160°F 
d i t y  
VENT VALVES 
A 1  1 e l e c t r i c a l  components 
moi s t u r e - p r o o f  p e r  MIL-E-5272 
F i l l  and vent  v a l v e s  a r e  A i r b o r n e  Research and Development C o r p o r a t i o n  
P / N  C-3050-1 "LOX F i l l e r  Valves"  w i t h  m a t i n g  caps. These v:lves a r e  o f  t h e  
r o t a r y  q u i c k - d i s c o n n e c t  type.  The poppet,  s p r i n g - l o a d e d  i n  t h 2  c l o s e d  p o s i -  
t i o n , .  i s  unseated by  a t t a c h i n g  t h e  
ground h a l f .  The poppet r e s e a t s  as 
t h e  ground h a l f  i s  reconnected.  
The f i l l  and v e n t  v a l v e s  a r e  
mounted on a s p e c i a l  h o u s i n g  f o r  
access th rough a p o r t  i n  t h e  nose 
cone. The hous ing  and v a l v e s  
a r e  shown i n  F i g u r e  4-16. 
TEMP ERATUR E S I GNA L COND I T I  0 N ER 
The s i g n a l  c o n d i t i o n e r  p l a t e  
c o n t a i n s  f i v e  tempera ture  s i g n a l -  
c o n d i t i o n i n g  a m p l i f i e r s .  Each 
c o n d i t i o n e r  i s  a s s o c i a t e d  w i t h  a 
m a t c h i n g  temperature sensor i n  t h e  
s t o r a g e  vessel  or  d e l  i v e r y  system. 
One o f  t h e  c o n d i t i o n e r s  i s  shown 
i n  F i g u r e  4-17 .  
F i g u r e  4-16. E M 1  F i l t e r  Housing and 
F i l l / V e n t  Connect ions  
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The s i g n a l - c o n d i t i o n i n g  a m p l i f i e r  p r o v i d e s  an i s o l a t e d  0- t o  5-v d-c 
s i g n a l  o u t p u t  f o r  a tempera ture  s i g n a l  i n p u t .  I t  c o n s i s t s  of a r e g u l a t e d  d-c  
e x c i t a t i o n  source, a d r i f t - f r e e  a m p l i f i e r ,  and a s u i t a b l e  b r i d g e  c i r c u i t  f o r  
t h e  s p e c i f i c  sensor a p p l i c a t i o n .  The a 1  1-welded, h e r m e t i c a l  l y  sealed case 
a f f o r d s  complete p r o t e c t  i o n  f rom env i ronmenta 1 c o n d i t i o n s .  Hermet i c a  1 1  y 
sealed ad jus tmen ts  a r e  p r o v i d e d  f o r  sensor z e r o  and s lope  c o r r e c t i o n s  t o  reduce 
in te rchangeab le  sensor t o l e r a n c e  e r r o r s .  Design spezi  F i c a t i o n s  a r e  g i v e n  
below. 
Rosernount Eng ineer ing  Company P/N 510V 
Output s i g n a l  l e v e l  
Output impedance 
Lead res  i s tance 
Gain v a l u e  
Temperature c o e f f i c i e n t  
i t y  
t s  
Zero s t a b i  
Output  1 i m  
I s o l a t i o n  
I n s u l a t i o n  r e s i s t a n c e  
Power Requ i rements 
Power i n p u t :  28 +4 
P o l a r  i t y  reve rsa  1 : 
Zero t o  5.0 v dc f o r  t h e  s p e c i f i e d  
i n p u t  s i g n a l  
Less than 400 ohms 
25,000 ohms minimum 
F ixed  g a i n  o f  100 ~ 0 . 2 5  pe rcen t  
Less than ~ 0 . 0 0 5  o f  f i x e d  g a i n  
v a l u e  pe r  deg Fo, -65OF t o  +212OF 
520 mv t o r  a l l  e t t e c t s  o t  v o l t a g e  
and t empe r a  t u r e  
L i m i t e d  i n t e r n a l l y  t o  -0.7 v t o  6 . 8  v 
Power i n p u t  i n  s i g n a l  o u t p u t  i s o i a -  
t i o n  w i l l  exceed 100 megohms a t  
50 v dc 
100 megohms a t  50 v dc between any 
connector  p i n  and case ground w i t h  
d r y  e x t e r n a l  su r faces  
v dc, 100 ma max 
I n p u t  power p o l a r i t y  r e v e r s a l  w i l l  no t  cause 
damage. 
T r a n s i e n t s :  T r a n s i e n t s  1.5 t imes r a t e d  i n p u t  v o l t a g e  w i l l  n o t  
damage u n i t  . 
Conducted i n t e r f e r e n c e :  W i l l  meet MIL-I-6181D, Paragraph 4 . 3 . 4 .  I . 
Connector: M a t i n g  connectors  a r e  Bendix  PT106 t y p e  o r  e q u i v a l e n t .  
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ELECTROMAGNETIC INTERFERENCE FILTER 
The s u b c r i t i c a l  n i t r o g e n  system was des igned and f a b r i c a t e d  t o  comply 
w i t h  EM1 s p e c i f i c a t i o n  MIL-1-26600 (USAF) ,  p l u s  NASA Addendum MSC-ASPO-EMI-IOA, 
da ted  October 17, 1963. A ma jo r  c r i t e r i o n  i n  t h e  s e l e c t i o n  o f  components was 
i n t e r f e r e n c e  c o n t r o l .  Where p o s s i b l e ,  low i n t e r f e r e n c e  or i n t e r f e r e n c - e - f r e e  
components were se lec ted .  Most components a r e  housed i n  cases hav ing  con- 
t i nuous  s h i e l d s .  Mechanical  d i s c o n t i n u i t i e s ,  such as covers and i n s p e c t i o n  i 
p l a t e s ,  were t r e a t e d  t o  e f f e c t  a con t inuous  low-impedance pa th .  
between components ana mount ing s t r u c t u r e s  a r e  f r e e  o f  i n s u i a t i n g  f i n i s h e s .  
Coup l i ng  was f u r t h e r  reduced by  t h e  s t r a t e g i c  l o c a t i o n  o f  components and t h e  
seg rega t ion  o f  w i r e s  and cables,  and s h i e l d e d  w i r e s  were used t o  p r o v i d e  
i s o l a t i o n  where necessary.  




I n  a d d i t i o n  t o  t h e  s teps  desc r ibed  above, b o t h  completed systems were 
operated i n  t h e  AiResearch Radio-Noise Labora to ry  f o r  EM1 t e s t i n g .  F i l t e r s  
were custom-made a t  t h i s  t i m e  and i n s t a l l e d  i n  a housing on t h e  s i g n a l -  
c o n d i t i o n e r  p l a t e .  These f i l t e r  housings were then h e r m e t i c a l l y  sealed. 
The EM1 f i l t e r  housing i s  a l s o  t h e  l o c a t i o n  o f  system e l e c t r i c a l  i n t e r -  
f a c e  connectors  and a manual s w i t c h  f o r  c o n t r o l  o f  t h e  p r e s s u r e  maintenance 
and warmup hea te rs .  T h i s  housing i s  shown i n  F i g u r e  4-16 on t h e  l e f t .  
FLOW O R I F I C E  
The f l o w  o r i f i c e  i s  used t o  s i m u l a t e  t h e  demands o f  a system b e i n g  sup- 
p l  i ed  w i t h  warm vapor, such as a f u e l  c e l  1 .  The o r i f i c e  c o n s i s t s  o f  an AND 
un ion  w i t h  a h o l e  o f  p r e c i s e l y  c a l c u l a t e d  d iamete r  d r i l l e d  th rough  t h e  p l u g .  
The o r i f i c e  i s  o r i e n t e d  t o  d i s c h a r g e  i n  t h e  d i r e c t i o n  o f  launch v e h i c l e  t h r u s t  
t o  a v o i d  i nduc ing  t u m b l i n g  o f  t h e  s p a c e c r a f t  i n  o r b i t .  
Upstream p ressu re  60 k5 p s i a  
Downstream p ressu re  
Flow 
Zero p s i a  (vacuum) 
R e s t r i c t e d  t o  1.25 kO.125 l b / h r  
Ups t ream temperature 60 +5OF 
L i n e  s i z e  1 /4 - in .  OD, 0 .020 - in .  w a l l  t h i c k n e s s  
Upstream f i l t e r  For  p a r t i c l e s  o f  0.005-in. maximum 
d imens i o n  
Maximum a l l o w a b l e  w e i g h t  0. 15 l b  
QUANTITY GAUGE SIGNAL C O N D I T I O N E R  
The q u a n t i t y  gauge s i g n a l  c o n d i t i o n e r  ( F i g u r e  4 - 1 7 )  i s  designed t o  
r e c e i v e  an i npu t  c u r r e n t  determined by t h e  s t o r a g e  vesse l  capac i tance  probe 
and produce a 0- t o  5-v d-c o u t p u t  s i g n a l ,  w h i c h  v a r i e s  l i n e a r l y  w i t h  t h e  
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F i g u r e  4-17.  Temperature S i g n a l  
CGnd i t i  one r 
C ‘ 7 b  
1 I * 
I I V -  
I 1
F E EDBAC K 
DEHOD. 
1 - 1 0 0 s 2  REFERENCE VOLTAGE 
F i g u r e  4 - 1 8 .  
Q u a n t i t y  Gauge S i g n a l  C o n d i t i o n e r  
System B l o c k  Oiaqr;,m - 
q u a n t i t y  of  c ryogen  i n  t h e  tank .  For a n o n p o l a r  gas o r  l i q u i d ,  t h e  c a p a c i t a n c e  
o f  t h e  p robe  v a r i e s  n o n l i n e a r l y  w i t h  d e n s i t y .  N e g a t i v e  feedback  i s  a p p l i e d  
t o  o b t a i n  a l i n e a r  o u t p u t  v o l t a g e  as a f u n c t i o n  o f  q u a n t i t y .  
A b!=ck dl2g;sm G f  :he c s n d i t i o n e ;  il, ;hG:n i n  FigL;;z 1-!8. The Z \ { S t C r ?  
c o n s i s t s  o f  an a m p l i t u d e - c o n t r o l l e d  square-wave o s c i l l a t o r  ( w h i c h  d r i v e s  t h e  
p r o b e  c a p a c i t o r )  and a r e f e r e n c e  c a p a c i t o r .  C u r r e n t s  i n  t h e  two c a p a c i t o r s  
a r e  summed b y  t h e  o p e r a t i o n a l  a m p l i f i e r .  Outpu t  of  t h e  o p e r a t i o n a l  a m p l i f i e r  
i 5  a square  wave w i t h  a m p i i t u d e  p r o p o r c i o n a i  t o  r h e  r a t i o  o f  e x c i t a t i o n  v o i r -  
t hen  demodulated and f i l t e r e d  t o  become t h e  o u t p u t  v o l t a g e .  A f r a c t i o n  o f  t h e  
o u t p u t  v o l t a g e  i s  summed w i t h  t h e  r e f e r e n c e  v o l t a g e  and f e d  i n t o  t h e  r e g u l a t o r .  
The r e g u l a t o r  o u t p u t  i s  t hen  used t o  c o n t r o l  a m p l i t u d e  o f  t h e  square-wave 
o s c i l l a t o r .  W i t h  t h e  p r o p e r  c h o i c e  o f  c i r c u i t  c o n s t a n t s ,  t h i s  c l o s e d - l o o p  
feedback  produces an  o u t p u t  v o l t a g e  wh ich  i s  l i n e a r  w i t h  t h e  q u a n t i t y  o f  c r y o -  
gen i n  t h e  tank .  
asc --,. &,. cu L che c a p a c i t a n c e  d i f f e r e n c e  between p robe  and r e f e r e n c e .  T h i s  siynsl i s  
Components w i t h i n  each o f  t h e  b l o c k s  sho-m i n  F i g u r e  4-18 a r e  a r ranged  
i n  a h i g h - d e n s i t y ,  t h r e e - d i m e n s i o n a l  m a t r i x  w h i c h  i s  p o t t e d  f o r  s u p p o r t  and 
h e r m e t i c  s e a l i n g .  A l l  connec t ions  a r e  made b y  s p o t  w e l d i n g .  Three s tages  
i n  t h e  f a b r i c a t i o n  o f  a t y p i c a l  module a r e  shown i n  F i g u r e  4-19. Completed 
modules a r e  assembled b y  s p o t  w e l d i n g  c o n n e c t i o n s  t o  t h e  baseboard, as shown 
i n  F i g u r e  4-20.  The e n t i r e  assembly i s  t h e n  p l a c e d  i n  a p r e f a b r i c a t e d  me ta l  
h o u s i n g  f o r  f i n a l  p o t t i n g .  The completed u n i t  i s  shown i n  F i g u r e  4-21.  
66-0357 
Figure 4-19. Typical Module Construction 
3 MODULES AND M A T R I X  BOARD ASSEMBLY REFORE F I N A L  POTTING F-5054 
Figure 4 - 2 0 .  Quanti ty Gauge Signal Condi t ioner 
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The c o n d i t i o n e r  was o r i g i n a l l y  
des igned by AiResearch f o r  use w i t h  
LEM s u p e r c r i t i c a l  tankage. A f t e r  
minor  changes i n  e l e c t r i c a l  c i r c u i t r y  
and packaging, t h e  c o n d i t i o n e r  was 
used w i t h  B i o s a t e l l i t e  s u p e r c r i t i c a l  
tankage. A d d i t i o n a l  minor  c i r c u i t r y  
changes were made t o  f a c i l i t a t e  use o f  
an e x i s t i n g  component i n  t h e  sub- 
c r i t i c a l  program. No changes were 
made i n  t h e  packaging.  The cond i -  
t i o n e r  was t h e r e f o r e  suppor ted  o n  
unsymmet r i c a l  mount i ng f 1 anges, as 
seen i n  F i g u r e  4-21 .  
A-12829  
Q u a n t i t y  S igna l  
c a u s i n g  excess i ve  
ve mo t ion  between 
ow a symmetr ica l  
mount ing  arrangement. V i b r a t i o n  i s o l a t o r s  were a l s o  added t o  t h e  cond i -  
t i o n e r  as  a reaunaanr I I X .  
D u r i n g  q u a l i f i c a t i o n  t e s t i n g  o f  
t h e  s i g n a l  c o n d i t i o n e r  p l a t e ,  an  F i g u r e  4 - 2 1 .  
e l e c t r i c a l  f a i l u r e  o c c u r r e d  i n  t h e  C o n d i t i o n e r  
q u a n t i t y  gauge c o n d i t i o n e r .  I t  was 
found t h a t  t h e  unsymmetr ica l  mount ing arrangement was 
o s c i l l a t i o n s  o f  t he  p o t t i n g  compounds, a l l o w i n g  r e l a t  
modules. A s p e c i a l  s t r a p  was t h e r e f o r e  dev i sed  t o  a1 
Design s p e c i f i c a t i o n s  a r e  g i v e n  below. 
E l e c t r i c a l  Requirements 
I n p u t  vo l tage :  20 t o  34 v 
Power 1 2 6  v dc) :  1 w (max) 
Output  impedance: l ess  than 2 5 0  ohm 
Output r i p p l e  ( a t  
maximum s i g n a l  o u t p u t ) :  
Nominal o u t p u t  load: 25,000 ohm 
5 m v (peak t o  peak) 
Maximum Envelope Dimensions 
Length :  6 . 0 3  i n .  
Wid th :  2 . 2 8  i n .  
Y e i g h t :  1.75 i n .  
Weigh t :  1.5 l b  
4 - 3  I 
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ELECTRICAL INTER FACE CONNECTORS 
* 
I 
I E l e c t r i c a l  i n t e r f a c e  connectors  a r e  l o c a t e d  on t h e  t o p  o f  t h e  EM1 f i l t e r  
One connector  i s  u t i l i z e d  f o r  ground hous ing  on t h e  s i g n a l  c o n d i t i o n e r  p l a t e .  
and v e h i c l e  power supp l i es ,  w h i l e  t h e  second i s  r e s e r v e d - f o r  i n s t r u m e n t a t i o n  I 
s i gna 1 s . 





















Design s p e c i f i c a t i o n s  a r e  g i v e n  below. 
Power Connector 900A I J I : PT02- 14- l9P 
D e s c r i p t i o n  - IJSC Current  R q c i  red 
28 v dc, r e t u r n  G S E  So leno id  Valve 0.75 amp 
* 2 8  v dc, GS E 
28 v dc, r e t u r n  GSE Bui  l dup  h e a t e r  
.:28 v dc GS E 
\ 28 v dc, r e t u r n  I U  
+28 v dc I U  
28 v dc, r e t u r n  I U  
‘28 v dc I U  
28 v dc, r e t u r n  G S E  B u i l d u p  h e a t e r  
.r28 v dc G S  E 
28 v dc, r e t u r n  GSE 
1-28 v dc GS E 
Bu i 1 dup h e a t e r  _I 
28 v dc, r e t u r n  I U  
*28 v dc I U  
28 v dc, r e t u r n  I U  
-28 v dc I U  
Spa r e  
Spa re  
Spa r e  
4-32 
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S i q n a l  Connector 90oAIJ2: Bend ix  PTO2-14-19s 
Pin A :  T ,  - Stored  f l u i d  tempera ture  
P i n  B :  T2  - Stored  f l u i d  tempera ture  
P i n  C :  T3 - Phase c o n t r o l  heat  exchanger f l u i d  i n l e t  tempera ture  
P i n  D :  TA - Phase c o n t r o l  hea t  exchanger f l u i d  o u t l e t  tempera ture  
P i n  E: T5 - Regulated d e l i v e r y  f l u i d  tempera ture  
P i n  F: P I  - Vessel s t o r a g e  p ressu re  
P i n  G:  P 2  - D e l i v e r y  l i n e  hea t  exchanger f l u i d  o u t l e t  p r e s s u r e  
P i n  H :  P 3  - Regulated d e l i v e r y  f l u i d  p ressu re  
P i n  J :  F I  - D e l i v e r y  l i n e  f l o w  
P i n  K :  I ,  - Vessel h e a t e r  power m o n i t o r  
F,in L: I2 - D e l i v e r y  l i n e  heat  exchanger h e a t e r  power m o n i t o r  
P i n  M: Spare 
P i n  N :  Q i  - Vessel q u a n t i t y  
P i n  P :  Spare 
P i n  R :  Spare 
P i n  S :  Spare 
P i n  T :  Spare 
P i n  U :  Spare 
P i n  V :  Common 
COMPONENT V I B R A T I O N  ISOLATORS 
D u r i n g  November and December 1965, t h e  s i g n a l  c o n d i t i o n e r  p l a t e  assembly 
\ i d s  s u b j e c t e d  t o  env i ronmenta l  t e s t i n g  a t  San Tan, Ar izona.  A d e s c r i p t i o n  o f  
: h i s  t e s t i n g  i s  p resen ted  under Sec t ion  4 o f  t h i s  document. As a r e s u l t  o f  t he  
I i n g ,  s i g n a l  c o n d i t i o n e r s  f o r  f l o w  and q u a n t i t y  sens ings  were mounted on 
v i b r a t i o n  i s o l a t o r s  t o  p r o v i d e  complete assurance t h a t  a1  1 system ins t rumen ta -  
t i o n  ivould o p e r a t e  p r o p e r l y  i n  o r b i t a l  f l i g h t .  These components were des igned 
 or a p p r o x i m a t e l y  12 g max and had n o t  been p r e v i o u s l y  t e s t e d  above 20 g. 
';,,sign m o d i f i c a t i o n s  were made i n  the c o n d i t i o n e r s  t o  a l l o w  them t o  w i t h s t a n d  
~ ' i c  peak g loads  a c t u a l l y  exper ienced.  To p r o v i d e  a redundant f i x ,  t he  two 
c o n d i t i o n e r s  were a l s o  i n d i v i d u a l l y  mount'-L on B a r r y  C o n t r o l  i s o l a t o r s .  
D e s i g n  c r i t e r i a  a r e  g i ven  on t h e  f o l l o w i r , y  page. 
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S i g n a l  C o n d i t i o n e r  
C o n d i t i o n e r  w e i g h t -  
W e i g h t / i s o l a t o r  
B a r r y  i s o l a t o r  P /N  
N a t u r a l  f requency  
T r a n s m i s s i b i l i t y  a t  30 cps 
T r a n s m i s s i b i l i t y  above 
50 cps 
L - Q I  
1 .8  l b  1.0 I b  
0.45  l b  0.25 l b  
B-22-BC-I . O  . 8-22-BC-2.0 
- 30 C P S  - 30 C P S  






1 < 0.5 < 0 . 5  
Performance of t h e  i s o l a t o r s  was checked u s i n g  dummy masses t o  s i i n u l ~ t ~ :  
w e i g h t  and C G  of t h e  i s o l a t o r s ,  a s  shown i n  F i g u r e  k - 2 2 .  M o u n t i n g  o f  th;. 
a c t u a l  s i g n a l  c o n d i t i o n e r s  i s  shown i n  F i g u r e  4-23. I 
.,I"w. 
F-5051 
F i g u r e  4-22.  V i b r a t i o n  T e s t i n g  o f  F i g u r e  4-23. F low and Q u a n t i t y  
I s o l a t o r s  f o r  Q, Q u a n t i t y  Gauge S i g n a l  C o n d i t i o n e r s  Mounted on 
S i g n a l  C o n d i t i o n e r  I s 0  l a  t o r s  
GROUND HANDLING CART 
S p e c i a l  c a r t s  were p r o v i d e d  f o r  ground h a n d l i n g  and s t o r a g c  o f  each 
s u b c r i t i c a l  system. These c a r t s  were d e s i g n e d  t o  h o l d  t h e  e n t i r e  system i n  
t h e  p r o p e r  f l i g h t  c o n f i g u r a t i o n ,  a s  shown i n  F i g u r e  4 - 2 4 .  
AIRESEARCH MANUFACTURING DIVISION 
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Figure 4-24.  System Mounted in Handling Cart 
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T h i s  s e c t i o n  d e s c r i b e s  t h e  t e s t i n g  c a r r i e d  o u t  t o  demonst ra te  comp l i -  
ance w i t h  t h e  per formance and env i ronmenta l  requ i rements  s t a t e d  i n  S e c t i o n  2. 
R e s u l t s  o f  acceptance (pe r fo rmance)  t e s t i n g  o f  t h e  two systems and env i  ron- 
menta l  t e s t i n g  o f  t h e  s i g n a l  c o n d i t i o n e r  p l a t e  a r e  d iscussed.  S i g n i f i c a n t  
samples o f  a c t u a l  da ta  a r e  inc luded.  I n  genera l ,  per formance o f  t he  a r t i c  
s u b j e c t e d  t o  t h e  t e s t i n g  was e x c e l l e n t .  A s  w i t h  most t e s t i n g  programs o f  
t h i s  na tu re ,  however, t h e r e  were some except ions ,  whose s i g n i f i c a n c e  and 
c o r r e c t i v e  a c t i o n s  a r e  d iscussed below as a p p l i c a b l e .  
es 
A l l  t e s t s  were per formed under  the  cogn izance o f  government and AiResearch 
q u a l i t y  c o n t r o l  i n s p e c t o r s  i n  government-approved t e s t  f a c i l i t i e s .  T e s t i n g  
was conducted under l a b o r a t o r y  ambient c o n d i t i o n s .  Spec ia l  c a r e  was taken 
t o  assu re  system c l e a n l i n e s s  w i t h i n  the l e v e l s  s p e c i f i e d .  A l l  i ns t rumen ts  
u s e d  t o  measure t e s t  c o n d i t i o n s  or per formance parameters were c a l i b r a t e d  w i t h  
a s tandard  t r a c e a b l e  t o  t h e  Nat ona l  Bureau o f  Standards.  
ENVIRONMENTAL TESTING 
Envi  ronmental r e q u i  rements c a l  l ed  f o r  p r o o f  o f  compl iance w i t h  these 
env i ronments :  ( 1 ;  h u m i d i t y ,  ( 2 )  p ressu re  a l t i t u d e ,  ( 3 )  temperature,  ( 4 )  s a l t  
spray,  ( 5 )  v ' i b ra t  ion,  ( 6 )  a c c e l e r a t i o n ,  and ( 7 )  shock. 
H U M I D I T Y ,  TEMPERATURE, AND PRESSURE ALTITUDE REQUIREMENTS 
I t  was proposed t o  s a t i s f y  t h e  humid i ty ,  temperature,  and p ressu re  a l t i -  
t ude  requ i rements  by s u b m i t t i n g  p r o o f  o f  s a t i s f a c t o r y  c o m p l e t i o n  o f  these 
t e s t y ,  bv the  Gemini oxygen r e a c t a n t s  supp ly  subsystem. The Gemini u n i t  was 
simi l s r  t o  the  s u b c r i t i c a l  system i n  design, m a t e r i a l s ,  and f a b r i c a t i o n  
nit-thods. T h i s  p roposa l  was accepted by NASA, and t h e  t e s t i n g  requ i rements  
>$!-.>re d e l e t e d .  
SA LT S PRAY R EQU I R EM ENT 
1: was proposed t o  NASA t o  d e l e t e  the s a l t  sp ray  requ i rement  because: 
I )  ' 3 1 1  components o f  t h e  s u b c r i t i c a l  system were f a b r i c a t e d  o f  c o r r o s i o n -  
r e s i s t a n t  m a t e r i a l s ;  ; 2 )  t h e  e n t i r e  system was packaged i n  a c r y o g e n i c - c l e a n  
AIRESEARCH MANUFACTURING DIVISION 
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c o n d i t i o n  and SO ma in ta ined  u n t i l  v e h i c l e  i n s t a l l a t i o n ;  ( 3 )  t h i s  t e s t  was 
n o t  r e q u i r e d  o f  t he  Gemini c ryogen ic  f l u i d  s to rage  systems; and ( 4 )  t h e  
system i n s t a l l a t i o n  was i n t e r n a l  i n  t h e  v e h i c l e ,  s i m i l a r  t o  t h a t  o f  t h e  
Gemini s to rage systems i n  t h e  Gemini adapter  s e c t i o n .  NASA approved 
d e l e t i o n  o f  t h i s  t e s t i n g  requ i rement .  
V I  BRAT I O  F! R EQU I R EM ENT 
I t  was proposed t o  independent ly  s u b j e c t  t h e  s to rage  subsystem and t h e  
s i g n a l  c o n d i t i o n e r  p l a t e  t o  t h e i r  r e s p e c t i v e  v i b r a t i o n  requi rements.  Wh i le  
one subsystem was b e i n g  v i b r a t e d ,  t h e  o t h e r  was t o  be connected t o  i t  t o  
s i m u l a t e  o p e r a t i o n a l  c o n d i t i o n s .  Both  subsystems were t o  be o p e r a t i n g  du r -  
i n g  t h e  v i b r a t i o n  t e s t s .  T h i s  p roposa l  and t h e  t e s t i n g  procedures were 
accepted by NASA. 
P r e l i m i n a r y  a n a l y s i s  i n d i c a t e d  t h a t  d u r i n g  v i b r a t i o n  t e s t i n g  f a i l u r e  
was m o s t  l i k e l y  t o  occu r  i n  t h e  smal l  e l e c t r o n i c  components. A s  desc r ibed  
i n  S e c t i o n  4 ,  most o f  these components were mounted on t h e  s i g n a l  con- 
d i t i o n e r  p l a t e .  I t  was t h e r e f o r e  decided t o  s u b j e c t  t h e  p l a t e  t o  v i b r a t i o n  
t e s t i n g  a t  the  b e g i n n i n g  o f  t h e  program t o  a l l o w  maximum t ime  f o r  rework 
i n  case o f  f a i l u r e .  D u r i n g  t h i s  t e s t i n g ,  t h e  v i b r a t i o n  requi rements f o r  
c a n c e l l e d .  V i b r a t i o n  t e s t i n g  o f  t h e  s t o r a g e  vessel  was subsequent ly  pe r -  
formed a t  H u n t s v i l l e ,  Alabamd,by MSC, w i t h  AiResearch e n g i n e e r i n g  a s s i s t a n c e ;  
t h e  r e s u l t s  were s a t i s f a c t o r y .  
* t h e  s t o r a g e  system were rev ised,  and f u r t h e r  t e s t i n g  b y  AiResearch was 
Procedure f o r  S iqna l  C o n d i t i o n e r  P l a t e  V i b r a t i o n  Tes t  
The s i g n a l  c o n d i t i o n e r  p l a t e  was s u b j e c t e d  t o  acceptance t e s t i n g  p r i o r  
t o  v i b r a t i o n  t e s t i n g .  The subsystem was s u b j e c t e d  t o  v i b r a t i o n  i n  t h r e e  
m u t u a l l y  p e r p e n d i c u l a r  d i r e c t i o n s  p a r a l l e l  t o  X, Y, and Z axes o f  t h e  space 
v e h i c l e .  The s i g n a l  c o n d i t i o n e r  p l a t e  was mounted on  t h e  v i b r a t i o n  e x c i t e r  
i n  a s p e c i a l l y  designed f i x t u r e  wh ich  s i m u l a t e d  as c l o s e l y  as p o s s i b l e  t h e  
a c t u a l  v e h i c l e  mount ing c o n d i t i o n s .  The v i b r a t i o n  t e s t  was conducted w h i l e  
t h e  s t o r a g e  vessel  was f i l l e d  w i t h  l i q u i d  n i t r o g e n ,  p r e s s u r i z e d  t o  130 t o  
170 ps ia ,  and d e l i v e r i n g  gaseous n i t r o g e n  a t  a r a t e  of 1.25 k 0.25 l b  p e r  h r .  
The s i g n a l  c o n d i t i o n e r  p l a t e  was o p e r a t i n g  t o  c o n t i n u o u s l y  m o n i t o r  system 
parameters and p r o v i d e  c o n d i t i o n e d  s i g n a l  o u t p u t s  t o  t h e  ground checkout 
conso l  e. 
The v i b r a t i o n  l e v e l s  a r e  desc r ibed  below. 
a.  Random v i b r a t i o n  t e s t  f o r  5 m i n  p e r  a x i s  a t  t h e  f o l l o w i n g  
i npu t  1 eve1 s :  
20 t o  2000 cps 9 . 0  db p e r  o c t a v e  
200 t o  700 cps 
700 t o  900 cps 18 .0  db p e r  o c t a v e  
900 t o  2000 cps 
0.37 g2  p e r  cps 
0 . 0 8 4  g 2  p e r  cps 
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b. Sinusoidal sweep at a sweep rate of 1.0 octave per min from 5 t o  
2000 to 5 cps at the-following input levels: 
5 to 20 cps 0.15-in. double amplitude 
20 to 150 cps 3.1 g (peak) 
150 to 220 cps 0.0027-in. double amplitude 
220 t o  2000 cps 
The order of testing was as follows: 
6.7 g (peak) 








1 .  Random Vibration, Z A x i s  (Performed 12-1-65) 
The signal conditioner plate was installed in the Z axis, as shown in 
Figure 5-1. The storage vessel was filled to more than 80 percent with 
Figure 5-1. Z Axis Test Setup for Random and Sinusoidal Vibration F - 5 3 A I  
5-3 
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l i q u i d  n i t r o g e n ,  p r e s s u r i z e d  t o  between 130 and 170 p s i a  w i t h  t h e  vesse l  
GSE and f l i g h t  heaters ,  and opera ted  t o  f l o w  gaseous n i t r o g e n  th rough  t h e  
s i g n a l  c o n d i t i o n e r  p l a t e .  The .s igna1  c o n d i t i o n e r  p l a t e  was s u b j e c t e d  t o  
300 sec o f  f u l l  l e v e l  random v i b r a t i o n .  O p e r a t i n g  c o n d i t i o n s  a r e  shown 
i n  F i g u r e  5-2 ( t o p ) .  
ZSP PRE TEST RANDOM 
PL" 
L e  
ZSP POST TEST RANDOM 
ZSP PRE TEST S I N U S O I D A L  
F - 3 3 4 6  ZSP 17 S I N U S O I D A L  
F i g u r e  5-2 .  2-Ax is  O p e r a t i n g  C o n d i t i o n s  as Shown on 
Group Checkout Console 
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After the vibration test. the signal conditioner plate was visually 
inspected. The inspection revealed four cracks on the mounting brackets 
for the fill and vent housing. The failure is shown in Figure 5-3. The 
storage vessel was vented to atmospheric pressure and the failed component 
was removed. The failure area was welded and the housing was reinstalled. 
The plate showed no evidence of degradation of electrical signal outputs 
during the vibration test. The actual test data are shown in Reference A-16 .  
2. Sinusoidal Vibration, Z Axis (Performed 12-2-65) 
The signal conditioner plate was again installed in the Z axis,as 
shown in Figure 5-1,and operated as before. The signal conditioner plate 
was subjected to the sinusoidal vibration level stated in Section 2. After 
the vibration test, the subsystem was visually inspected. A weld crack 
was observed on the mounting bracket for the fill/vent valve housing. The 
storage vessel was vented to atmospheric pressure, and the failed component 
was removed. The mounting bracket was redesigned, fabricated, and rein- 
stalled on the signal conditioner mounting plate. The signal conditioner 
plate showed no evidence o f  degradation o f  electrical signal outputs during 
the vibration test. The actual test data are presented in Reference A-16. 
Operating conditions are shown in Figure 5-2 (bottom). 
F-5055 
Figure 5-3 .  Vibration Failure of Housing for Fill and Vent Valves 
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3 .  S i  nusoi d a l  V i  b r a t  ion, Y A x i s  (Performed 1 2 - 3 - 6 5 )  
The s i g n a l  c o n d i t i o n e r  p l a t e  was i n s t a l l e d  i n  t h e  Y a x i s  d i r e c t i o n ,  
as shown i n  F i g u r e  5 - 4 ,  and o p e r a t e d  i n  t h e  same manner as d e s c r i b e d  p r e -  
v i o u s l y  w h i l e  b e i n g  s u b j e c t e d  t o  t h e  p r e v i o u s l y  s t a t e d  s i n u s o i d a l  v i b r a t i o n  
l e v e l s .  A f t e r  t h e  t e s t ,  t h e  s t r i p  c h a r t  r e c o r d  i n d i c a t e d  e r r a t i c  o p e r a t i o n  
on t e s t  parameter  TI. ( v e s s e l  tempera ture  s i g n a l  a m p l i f i e r )  shown i n  F i g u r e  
4-1. I t  was o p e r a t i n g  no rma l l y ,  however, a t  c o m p l e t i o n  o f  t h e  t e s t .  Oper- 
a t i n g  c o n d i t i o n s  a r e  shown i n  F i g u r e  5 - 5 .  The a c t u a l  t e s t  d a t a  a r e  shown 
i n  Reference A - 1 6 .  
4 .  Random V i b r a t i o n ,  Y A x i s  (Per formed 1 2 - 3 - 6 5 )  
The s i g n a l  c o n d i t i o n e r  p l a t e  was i n s t a l l e d  i n  t h e  Y a x i s .  The t e s t  
u n i t  was sub jec ted  t o  25 sec o f  l o w - l e v e l  random v i b r a t i o n  f o r  e q u a l i z a t i o n  
o f  t h e  f i x t u r e  and was then  s u b j e c t e d  t o  f u l l  random v i b r a t i o n  l e v e l s  f o r  a 
p e r i o d  o f  40 sec. The t e s t  was s topped when t e s t  parameter  T I  
t e m p e r a t u r e  s i g n a l  a m p l i f i e r )  f a i l e d  t o  show an e l e c t r i c a l  s i g n a l  o u t p u t .  
I n v e s t i g a t i o n  o f  t h e  problem showed f a i l u r e  o f  T I  s i g n a l  a m p l i f i e r  SN- I .  
A l so ,  t h e  i n s p e c t i o n  revea led  t h a t  t h e  E M 1  f i l t e r  m o u n t i n g  b r a c k e t  was 
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Figure 5-5. Y-Axis Sinusoidal Operating Conditions 
Figure 5-6. Failure of RFI Filter Bracket 
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cracked.  The f a i l e d  components were removed f rom t h e  s i g n a l  c o n d i t i o n e r  
mount ing  p l a t e .  The f a i l e d  EM1 b r a c k e t  i s  shown i n  F i g u r e  5-6. I n s p e c t i o n  
o f  t h e  input  c o n t r o l  acce le rometer  showed t h a t  t h e  f i x t u r e  had f a i l e d  t o  
e q u a l i z e  d u r i n g  t e s t i n g  a t  the  f u l l  v i b r a t i o n  l e v e l ,  exceeding t h e  spec i -  
f i e d  l e v e l s  i n  t h e  f requency range above 1800 cps. T I  s i g n a l  a m p l i f i e r  
SN-5  was i n s t a l l e d  on t h e  s i g n a l  c o n d i t i o n e r  p l a t e  t o  r e p l a c e  S N - I .  The 
EM1 f i l t e r  mount was redesigned,, f a b r i c a t e d ,  and i n s t a l l e d  on t h e  s i g n a l  
c o n d i t i o n e r  p l a t e .  
The s to rage subsystem was f i l l e d ,  p ressu r i zed ,  and opera ted  as s t a t e d  
i n  t h e  procedure.  Opera t ing  c o n d i t i o n s  a r e  shown i n  F i g u r e  5-7 [ t o p ) .  Dur- 
i n g  p r e t e s t  checkout,  t h e  e l e c t r i c a l  s i g n a l  o u t p u t  f rom t h e  f lowmeter  was 
i n t e r m i t t e n t .  The f lowmeter  had opera ted  p r o p e r l y  d u r i n g  and immediate ly  
a f t e r  t h e  preced ing  t e s t  runs.  The f lowmeter  and i t s  s i g n a l  c o n d i t i o n e r  
were removed f rom t h e  s i g n a l  c o n d i t i o n e r  p l a t e  and rep laced w i t h  new u n i t s  
f rom t h e  backup subsystem. The o p e r a t i n g  s i g n a l  c o n d i t i o n e r  p l a t e  was 
sub jec ted  t o  260 sec o f  random v i b r a t i o n  a t  t h e  s p e c i f i e d  l e v e l s .  A p o s t -  
v i b r a t i o n  i n s p e c t i o n  o f  t h e  s t r i p  c h a r t  t r a c e s  showed ev idence t h a t  t e s t  
parameter T 5  (gas d e l i v e r y  temperature s i g n a l  c o n d i t i o n e r ) ,  and t h e  q u a n t i t y  
sensor were e r r a t i c  d u r i n g  the  t e s t .  However, T5 and t h e  q u a n t i t y  sensor 
opera ted  no rma l l y  a f t e r  t h e  t e s t .  Opera t i ng  c o n d i t i o n s  a r e  shown i n  
F i g u r e  5-7 ( b o t t o m ) .  The a c t u a l  t e s t  d a t a  a r e  shown i n  Reference A-16 .  
5. Random V i b r a t i o n ,  X A x i s  (performed 12-10-b5) 
The s i g n a l  c o n d i t i o n e r  p l a t e  was i n s t a l l e d  i n  t h e  X a x i s .  The s to rage  
subsystem was  f i l l e d ,  p ressu r i zed ,  and opera ted  i n  accordance w i t h  t h e  p r o -  
cedure s p e c i f i e d  p r e v i o u s l y .  A f t e r  2 m in  and 55 sec o f  v i b r a t i o n ,  o v e r l o a d  
c i r c u i t  b reakers  were t r i p p e d  on t h e  ground checkout  conso le .  A n a l y s i s  
o f  t h e  power f a i l u r e  i n d i c a t e d  t h a t  fuses l o c a t e d  i n  t h e  EM1 f i l t e r  hous ing  
had blown. The f a i l u r e  was t r a c e d  t o  a s h o r t  c i r c u i t  i n  t h e  q u a n t i t y  sensor 
s i g n a l  c o n d i t i o n e r .  T h i s  s i g n a l  c o n d i t i o n e r  was d isconnected ,  and t h e  t e s t  
was cont inued t o  comp le t i on  w i t h o u t  i t .  The o p e r a t i n g  c o n d i t i o n s  a r e  shown 
i n  F i g u r e  5-8. The a c t u a l  t e s t  da ta  a r e  shown i n  Reference A-16.  
< I .  S i n u s o i d a l  V i b r a t i o n ,  X A : i s  (Performed 12-1 1-65) 
W i t h  the s i g n a l  c o n d i t i o n e r  p l a t e  i n s t a l l e d  i n  t h e  X a x i s ,  t h e  s t o r -  
age vesse l  was f i l l e d , ,  p r e s s u r i z e d  and opera ted  i n  accordance w i t h  t h e  
s t a t e d  procedure,  except t h a t  t h e  q u a n t i t y  sensor was e l e c t r i c a l l y  d i s -  
connected d s  b e f o r e .  The s i g n a l  c o n d i t i o n e r  p l a t e  showed no ev idence o f  
deg rada t ion  due t o  t h e  s i n u s o i d a l  v i b r a t i o n  l e v e l s  s p e c i f i e d  i n  t h e  pro-  
cedure.  The o p e r a t i n g  c o n d i t i o n s  a r e  shown i n  F i g u r e  5-8 ( b o t t o m ) .  The 
a c t u a l  t e s t  da ta  a r e  shown i n  Reference A - 1 6 .  
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Figure 5-7. Y-Axis Operating Conditions as Shown 
on Ground Checkout Console 
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F i g u r e  5-8 .  X-Axis Operat ing Condi t ions  as Shown 
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Fai l u r e  Analyses 
1 .  P r o t e c t i v e  Housinq f o r  t h e  F i l l  and Vent Valves 
T h i s  f a i l u r e  c o n s i s t e d  o f  c racks  i n  t h e  mount ing  b r a c k e t  near  two o f  
t he  f o u r  mount ing  p o i n t s .  The f a i l u r e  was a t t r i b u t e d  t o  meta l  f a t i g u e  i n  
an area  work-hardened d u r i n g  f a b r i c a t i o n .  The f a i l u r e  d i d  n o t  i n t e r f e r e  
w i t h  o p e r a t i o n  o f  t h e  system and d i d  n o t  rep resen t  a hazard t o  components 
wh ich  would be mounted below t h e  s i g n a l  c o n d i t i o n e r  p l a t e  i n  t h e  f l i g h t  
c o n f i g u r a t i o n .  
The hous ing  was r e i n f o r c e d  i n  the  work-hardened area  and t h e  mount- 
i n g  p o i n t s .  I t  was r e i n s t a l l e d  p r i o r  t o  t e s t i n g  i n  t h e  Y a x i s .  No 
ev idence o f  f a i l u r e  was observed a f t e r  subsequent t e s t s .  I t  was concluded 
t h a t  t h e  r e i n f o r c e d  d e s i g n  conformed t o  t h e  v i b r a t i o n  t e s t  requ i rements .  
2. P r o t e c t i v e  Housinq f o r  t h e  E M 1  F i l t e r  
T h i s  f a i l u r e  c o n s i s t e d  o f  c racks  i n  t h e  mount ing b r a c k e t  near  t h e  
f o u r  mount ing  p o i n t s .  The f a i l u r e  was a t t r i b u t e d  t o  meta l  f a t i g u e  i n  an 
a rea  work-hardened d u r i n g  f a b r i c a t  ion. The f a i l u r e  d i d  n o t  i n t e r f e r e  
w i t h  o p e r a t i o n  o f  t h e  system and d i d  n o t  rep resen t  a hazard t o  components 
I d  be mounted below t h e  s i g n a l  c o n d i t i o n e r  p l a t e  i n  a f l i g h t  
c o n f i g u r a t i o n .  
t 
The hous ing  was r e i n f o r c e d  t o  reduce dependence on work-hardened 
areas and t o  s t r e n g t h e n  t h e  mount p o i n t s .  The hous ing  was r e i n s t a l l e d  
p r i o r  t o  c o m p l e t i o n  o f  random t e s t i n g  i n  t h e  Y a x i s .  No ev idence o f  
f a i l u r e  was observed a f t e r  subsequent t e s t s .  I t  was conciuded t h a t  t h e  
r e i n f o r c e d  d e s i g n  conformed t o  t h e  v i b r a t i o n  t e s t  requ i rements .  
3.  TI S iqna l  C o n d i t i o n e r  
The s i g n a l  c o n d i t i o n e r  was r e t u r n e d  t o  t h e  vendor f o r  r e p a i r ,  re -  
f u r b i s h i n g ,  and f a i l u r e  a n a l y s i s .  The T I  c o n d i t i o n e r  was one o f  f i v e  
i d e n t i c a l  u n i t s  mounted i n  a d j a c e n t  p o s i t i o n s  on  t h e  s i g n a l  c o n d i t i o n e r  
p l a t e .  No ev idence o f  f a i l u r e  was found i n  t h e  remain ing  f o u r  u n i t s .  I t  
was conc luded t h a t  t h e  f a i l u r e  was random i n  na tu re ,  and t h a t  no changes 
were r e q u i r e d  i n  t h e  p l a t e  o r  c o n d i t i o n e r  des ign .  
4 .  F 1  Flowmeter and S iqna l  C o n d i t i o n e r  
The f l owmete r  and s i g n a l  c o n d i t i o n e r  were r e t u r n e d  t o  t h e  vendor f o r  
r e p a i r s ,  r e f u r b i s h i n g ,  and f a i l u r e  a n a l y s i s .  The s i g n a l  c o n d i t i o n e r  had 
~ u c c e s s f u l l y  completed random and s i n u s o i d a l  t e s t i n g  i n  t h e  Z a x i s  
i l a u n c h  d i r e c t i o n ) ,  s i n u s c i d a l  t e s t i n g  i n  t h e  Y a x i s ,  40 sec o f  random 
t e s t i n g ,  and t h e  p o s t - t e s t  checkout  b e f o r e  f a i l u r e  occu r red .  The f a i l u r e  
was e l e c t r i c a l  i n  n a t u r e  and d i d  not rep resen t  a hazard t o  o t h e r  hardware 
p r e s e n t  i n  a f l i g h t  c o n f i g u r a t i o n  or t o  s a f e  o p e r a t i o n  o f  t h e  s u b c r i t i c a l  
system. I n  f i n a l  t e s t i n g  t o  f a i l u r e ,  t h e  u n i t  exceeded t h e  s p e c i f i e d  l e v e l s  
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The c o n d i t i o n e r  i s  made up o f  p o t t e d  modules connected t o  n p r i n t e d  
c i r c u i t  m a t r i x  board by welded leads .  The e n t i r e  assembly i s  then p o t t e d  
i n  a meta l  can. D e t a i l s  o f  t h e  assembly a r e  d e s c r i b e d  and shown i n  
S e c t i o n  4 of  t h i s  r e p o r t .  The f a i l u r e  p o i n t s  a r e  shown i n  F i g u r e  5 - 9 .  
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i n  t h e  f requency range above 1800 cps. T h i s  was a t t r i b u t e d  t o  m o t i o n  o f  
t h e  EM1 f i l t e r  d u r i n g  f a i l u r e  o f  t he  f i l t e r  b r a c k e t .  
The f a i l e d  component was a 1000-ohm r e s i s t o r  i n  t h e  s i g n a l  c o n d i t i o n e r .  
Voids were found i n  t h e  p o t t i n g  compound su r round ing  t h i s  component; these 
vo ids  l e f t  t h e  component p a r t i a l l y  unsupported d u r i n g  env i ronmenta l  t e s t -  
ing .  No f a i l u r e s  occu r red  i n  areas o f  t h e  c o n d i t i o n e r  where v o i d s  were 
absent.  
which cou ld  be i nspec ted  f n y  absence c f  y c . d ; .  
The vendor m o d i f i e d  c o n d i t i o n e r  des ign  by u s i n g  a p o t t i n g  compound 
I t  was concluded t h a t  t h e  s i g n a l  c o n d i t i o n e r  conformed t o  t h e  v i b r a -  
t i o n  t e s t  requi rements w i t h  t h e  m o d i f i c a t i o n  desc r ibed  above. I n  a d d i t i o n ,  
t he  s i g n a l  c o n d i t i o n e r  was mounted on s p e c i a l  i s o l a t o r s  wh ich  were t e s t e d  
by AiResearch u s i n g  a dummy mass. V i b r a t i o n  t e s t i n g  o f  t h e  s i g n a l  con- 
d i t i o n e r  was d i s c o n t i n u e d  a t  t h i s  p o i n t  because o f  t h e  redundant f i x  i n t r o -  
duced? t h e  c r i t i c a l  d e l i v e r y  schedule, and t h e  l a c k  o f  an u n f a t i g u e d  u n i t  
o t h e r  than the  f l  i g h t  hardware. 
5 .  Q u a n t i t y  Gauqe S iqna l  C o n d i t i o n e r  
The q u a n t i t y  gauge s i g n a l  c o n d i t i o n e r  was r e t u r n e d  t o  t h e  AiResearch- 
Torrance F a c i l i t y  f o r  r e p a i r ,  r e f u r b i s h i n g ,  and f a i l u r e  a n a l y s i s .  The 
p r o t e c t i v e  meta l  housing was removed, and a v i s u a l  i n s p e c t i o n  was c a r r i e d  
ou t  f o r  i n d i c a t i o n s  o f  f a i l u r e .  T h i s  was p o s s i b l e  due t o  t h e  use o f  a 
t ransparen t  p o t t i n g  compound, RTV-602. No v o i d s  were p resen t  i n  t h e  p o t t i n g  
compound, and no damage was v i s i b l e .  The p o t t i n g  compound was removed, and 
mechanical  f a i l u r e s  were found i n  f o u r  welded e l e c t r i c a l  connec t ions .  
A n a l y s i s  o f  accelerometer  d a t a  showed t h a t  t h e  c o n d i t i o n e r  was sub- 
j e c t e d  t o  35 t o  40 g a t  t h e  t ime  o f  f a i l u r e ;  t h i s  i s  a p p r o x i m a t e l y  doub le  
t h e  l e v e l  s p e c i f i e d  f o r  t h i s  component. The a m p l i f i c a t i o n  was a t t r i b u t e d  
t o  o i l - c a n n i n g  o f  t he  s i g n a l  c o n d i t i o n e r  p l a t e ,  t h e  e c c e n t r i c  l o c a t i o n  o f  
t he  c o n d i t i o n e r  mount ing b racke ts ,  and t h e  r e s i l i e n c e  o f  t he  RTV-602 p o t t i n g  
compound. I t  was concluded t h a t  these f a c t o r s  combined t o  t r a n s f o r m  the  
RTV-602 i n t o  a resonant mass, l e a d i n g  t o  r e l a t i v e  m o t i o n  a t  t h e  welded j o i n t s  
where f a i l u r e  occurred.  
The s i g n a l  c o n d i t i o n e r ?  o r i g i n a l l y  developed f o r  t h e  LEM and B i o s a t e l l i t e  
c ryogen ic  tankage, was designed t o  mount on  t h e  vesse l  g i r t h  r i n g .  The 
e c c e n t r i c  mount ing arrangement and the  use o f  RTV-602 r e s u l t e d  f rom envelope 
a n d  envi ronmenta l  requi rements o f  t hese  programs. A l though  t h e  r e v i s e d  
v i b r a t i o n  requirements o f  t h e  p r e s e n t  program were h i g h e r  than those f o r  
! E M  o r  B i o s a t e l l i t e  a p p l i c a t i o n s ,  a n a l y s i s  showed t h a t  t h e  des ign  was ad- 
equate u n l e s s  s i g n i f i c a n t  a m p l i f i c a t i o n  occu r red .  
t 
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Before failure occurred, the 
signal conditioner had successfully 
completed random and sinusoidal test- 
ing in the Z and Y axes and 2 min, 
55 sec o f  random vibrat on in the X 
axis. It was an electr cal failure 
which did not represent a hazard to 
other hardware in the f ight config- 
uration or to safe oper tion of the 
subcritical system. 
The RTV-602 potting compound was 
removed from both the failed signal 
conditioner and the corresponding F- 50 56 
flight unit. These were repotted with 
Stycast 2651, a rigid potting com- Figure 5-9. Quantity Gauge Signal 
pound which was vacuum-injected in Conditioner: Assembly Before Final 
successive thin layers to eliminate Potting. Welded Connections A, B, 
voids. Mounting arrangements on the C, and D Failed During Vibration. 
signal conditioner plate were re- 
designed to provide support at all 
four corners of the conditioner, as 
shown in Section 4 of this report. 
It was concluded that the signal conditioner conformed to the vibration 
test requirements with the modifications described above. In addition, 
the signal conditioner was mounted on special isolators. These isolators 
were t e s t e d  u s i n g  a dummy mass to simulate the conditioner. No further 
vibration testing of the conditioner was conducted, due t o  t h e  redl lnrlant 
fix introduced, the critical delivery schedule, and the lack of an un- 
fatigued unit other than the flight hardware. 
ACCELEMTION AND SHOCK REQUIREMENTS 
It was proposed to perform acceleration testing of the storage sub- 
system and shock testing of the instrumentation subsystem to demonstrate 
compliance with the requirements stated in Section 2. The proposal was 
accepted by NASA, b u t  the requirements were subsequently deleted when 
the increased vibration requirements were established and special i S G -  
lators were added to the storage vessel. 
A C C  E PTA N C E TESTING 
Acceptance testing, as noted in Section 2, consisted of tests per- 
-armed during assembly (dimensional inspections and component checkouts) 
and after assembly (system performance). 
tests were conducted on the qualification test unit before and after en- 
vironmental testing of  the signal conditioner plate. The flight system 
was acceptance-tested prior to shipment. Table 5-1 siimmarizes r e s u l t s  
o f  acceptance t e s t i n g .  
The acceptance (performance) 
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Acceptance t e s t s  were per formed s e q u e n t i a l l y ,  so t h a t  t h e  c o n d i t i o n s  
e s t a b l i s h e d  b y  one t e s t  c o u l d  be a p p l i e d  a t  t h e  b e g i n n i n g  o f  t h e  n e x t  
t e s t .  The t e s t i n g  p rocedure  i s  t h e r e f o r e  d e s c r i b e d  i n  a n a r r a t i v e  summary. 
I t  i s  f o l l o w e d  by a b r i e f  d i s c u s s i o n  o f  t h e  r e s u l t s  and an a n a l y s i s ,  where 
a p p l i c a b l e ,  o f  o f f - p e r f o r m a n c e  areas and c o r r e c t i v e  a c t i o n s .  
The f o l l o w i n g  t e s t s  were performed: ( I )  suppor t  pad d imens iona l  check, 
( 2 )  system empty we igh t ,  ( 3 )  i n s t r u m e n t a t i o n  i n s p e c t i o n  w i t h  t h e  vessel  
empty, ( 4 )  l i q u i d  w e i g h t  and f i l l  t i m e  check, ( 5 )  q u a n t i t y  gauging system 
checkout,  ( 6 )  i n s t r u m e n t a t i o n  i n s p e c t i o n  w i t h  t h e  vessel  f i l l e d ,  ( 7 )  non- 
vented p r e s s u r e  b u i l d u p  t e s t  w i t h o u t  e l e c ’ t r i c a l  heat,  (8) system leakage 
t e s t ,  ( 9 )  p r e s s u r i z a t i o n  t e s t ,  ( I O )  cons tan t  p r e s s u r e  o p e r a t i o n  t e s t ,  ( I  I )  
i n s u l a t i o n  t e s t ,  and ( 1 2 )  a f i n a l  gauging system t e s t .  
SUPPORT PAD DIMENSIONAL CHECK 
P roced u r e  
The s t o r a g e  vesse l  was p l a c e d  i n  a d imens iona l  i n s p e c t i o n  f i x t u r e  and 
o r i e n t e d  t o  f a c i l i t a t e  measurements i n  t h e  p l a n e  determined b y  t h e  suppor t  
pad c e n t e r  p o i n t s .  
meaqIIred and recorded. 
The p l a n e  dimensions between c e n t e r  p o i n t s  were then  
R e s u l t s  
The dimensions, co r respond ing  t o  those  g i v e n  i n  AiResearch Drawing 
8 0 0 5 8 0 ,  were approved. The a c t u a l  data a r e  shown i n  Reference A - 1 6 .  
SYSTEM EMPTY WEIGHT RECORD 
P rocedure  
The ground h a n d l i n g  c a r t  was weig..ed on a s c a l e  capab le  o f  measur ing 
i n  increments o f  0.01 l b .  The s to rage  vesse l  was t h e n  i n s t a l l e d  i n  t h e  
c a r t  and t h e  new w e i g h t  was recorded. Next, t h e  s i g n a l  c o n d i t i o n e r  p l a t e  
was i n s t a l l e d  i n  t h e  c a r t  and connected t o  t h e  s t o r a g e  vesse l .  The t o t a l  
w e i g h t  was recorded. F i n a l l y ,  i n d i v i d u a l  w e i g h t s  o f  t h e  two subsystems 
were c a l c u l a t e d  f r o m  t h e  d a t a  and recorded. 
R e s u l t s  
The t o t a l  d r y  w e i q h t  o f  t h e  s u b c r i t i c a l  system was 124.42 I b .  The 
INSTRUYENTATION INSPECTION (SYSTEM D R Y )  
Proced l i re  
The s i q n a l  c o n d i t i o n e r  p l a t e  was c 
a c t u a l  d a t a  a r e  shown i n  Reference A - 1 6 .  
nec t d e l e  - t r i c a l l y  t o  t h e  power 
s u o p l y  and readout d e v i c e s  and a c t i v a t e d .  The i n s t r u m e n t a t i o n  was used t o  
measure empty s t o r a g e  vesse l  temperatures a t  l o c a t  ions  ( T I  ) and (T2 ), 
AIRESEARCH MANUFACTURING DIVISION 
Los Angeles Ohfornia 
5-1 5 
66-0357 
t h e  phase c o n t r o l  h e a t  exchanger i n l e t  ( T ~ )  
t h e  d e l  i v e r y  l i n e  temperature (T5), 
c a t i o n s  (GA2) and ( P i ) ,  
and t h e  de l  i v e r y  p r e s s u r e  (P, >. 
p r e s s u r e  a l s o  were measured. 
and e x i t  (T,,) temperatures,  
t he  s t o r a g e  vesse l  p r e s s u r e  a t  lo- 
t he  warmup h e a t e r  d i s c h a r g e  p r e s s u r e  ( p 2 ) ,  
The l a b o r a t o r y  ambient temperature and 
R e s u l t s  
7L.n ,:--- a i y i i a l s  i i i d i ca i ed  t h a t  a i i  e i e c t r i c a l  components were f u n c t i o n a l  
and i n d i c a t i n g  the  p roper  c o n d i t i o n s .  The a c t u a l  d a t a  a r e  shown i n  
Reference A-16. 
L I Q U I D  WEIGHT AND F ILL  TIME, QUANTITY GAUGING SYSTEM LINEARITY TEST, AND 
INSTRUMENTATION INSPECTION (VESSEL FILLED) 
Procedure 
The f i l l  v a l v e  was connected t o  t h e  l a b o r a t o r y  LN2 supp ly  l i n e .  The 
system was p laced  on t h e  s c a l e s  and weighed dry,  as  connected. F i l l i n g  
was i n i t i a t e d .  S imul taneously ,  a t i m e r  was a c t i v a t e d ,  and t h e  q u a n t i t y  
gauging system capac i tance  recorded. When t h e  s c a l e s  i n d i c a t e d  a 2 0 - l b  
increase, t he  q u a n t i t y  gauge readout was recorded. T h i s  procedure was 
f o l l o w e d  a t  20 - lb  increments u n t i l  l i q u i d  n i t r o g e n  was d i s c h a r g i n g  f rom 
t h e  vent  p o r t .  F i n a l  capaci tance,  weight ,  t h e  n e t  f i l l  t ime, and t h e  
i n s t r u m e n t a t i o n  s i g n a l  readouts  were t h e n  recorded.  The vesse l  f i l l  and 
vent  p o r t s  were c losed.  
R e s u l t s  
The gauging system 1 i n e a r i t y  was as p r e d i c t e d .  I n d i c a t e d  accuracy 
was w i t h i n  t h e  + I - p e r c e n t  t o l e r a n c e .  The n e t  f i l l i n g  t i m e  r e q u i r e d  was 
33.2 min.  T o t a l  f i l l e d  w e i g h t  o f  t h e  system was 253.15 l b .  
NON-VENTED PRESSURE BUILDUP TEST 
Procedure 
W i t h  the  vessel  f i l l e d  and sealed, i n t e r n a l  p r e s s u r e  was mon i to red  
f o r  30 h r .  A t  I - h r  i n t e r v a l s ,  t h e  p ressu res  GA2 and PI were recorded. 
R e s u l t s  
A f t e r  30 h r ?  t h e  s t o r a g e  p r e s s u r e  had inc reased  from ambient t o  40 
p s i a .  as  compared t o  an a l l o w a b l e  150 f20 p s i a .  
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SYSTEM LEAKAGE TEST 
P roced u r e  
C o n t i n u i n g  f rom t h e  p r e v i o u s  t e s t ,  t h e  i n t e r n a l  h e a t e r s  were a c t i v a t e d  
u n t i l  s t o r a g e  p r e s s u r e  was r a i s e d  t o  app rox ima te l y  160 p s i a .  A t  t h a t  t ime,  
leakage f rom a l l  v a l v e  p o r t s  ( f i l l ,  d e l i v e r y ,  and r e l i e f )  was measured by  d i s -  
p lacement o f  w a t e r  f rom a graduated beaker o v e r  a 15-min i n t e r v a l .  
Fesu 1 t s 
The t o t a l  leakage o f  t h e  system was found t o  be 0.07 cc  p e r  m in  o r  1.05 c c  
p e r  15 min, as compared t o  an a l l o w a b l e  leakage r a t e  o f  37 c c  p e r  15 min.  The 
per formance was approved. 
PRESSURIZATION TEST (60-Percent F i  1 1 ed Cond i t i  on 1 
P rocedu r e  
The s t o r a g e  vessel  was vented t o  ambient p ressu re .  F l u i d  was then removed 
f r o m  t h e  vesse l  i n  2 0 - l b  increments u n t i l  60 -pe rcen t  f u  1 (by w e i g h t ? .  A t  
eL:- * : - n  +he d - l i \ r P r v  l i n e  s h u t o f f  va l ve  was c l o s e d  and t h e  ground p r e s s u r i z a -  
t i o n  ana D U I  taup n e d ~ c ~  3 w c I G  U L L 1  s u L u - .  - - _ -  . - 
P p ,  I,, and I2 u n t i l  P I  i n d i c a t e d  130 ps ia .  A t  t h i s  t ime, t h e  e l e c t r i c  
h e a t e r s  were d e a c t i v a t e d .  
R e s u l t s  
The t i m e  r e q u i r e d  t o  b u i l d  up t h e  p r e s s u r e  f rom ambient t o  130 p s i a  was 
3 hr,  30 min.  The a l l o w a b l e  b u i l d u p  t ime was 4 h r .  The r e s u l t s  were approved. 
CONSTANT PRESSURE OPERATION TEST (60-Percent F i  1 l e d  C o n d i t i o n )  
P roced u r e 
The c o n s t a n t  p r e s s u r e  o p e r a t i o n  t e s t  proceeded d i r e c t l y  f rom t h e  p r e s s u r i -  
z a t i o n  t e s t .  I n  t h i s  t e s t ,  t h e  p ressu re  maintenance h e a t e r  was r e q u i r e d  t o  
m a i n t a i n  t h e  s orage vesse l  p r e s s u r e  d u r i n g  d e l i v e r y .  A t  t h e  o p e r a t i n g  p res -  
s u r e  ach ieved  n t h e  p r e v i o u s  t e s t  (130 p s i a ) ,  t h e  s o l e n o i d  s h u t o f f  v a l v e  was 
d e a c t i v a t e d  t o  s t a r t  d e l i v e r y .  A t  t h i s  t i m e  and a t  30-min i n t e r v a l s  t h e r e a f t e r  
f o r  a t o t a l  o f  6 hr ,  t h e  f l u i d  q u a n t i t y  (QI), t h e  s t o r a g e  vesse l  p ressu res  
( G A 2 )  and ( P I )  t h e  warmup h e a t e r  d i s c h a r g e  p r e s s u r e  ( P 2 ) ,  t h e  d e l i v e r y  p res -  
s u r e  ( P 3 ) ,  t h e  d e l  i v e r y  tempera tu re  (Ts) ,  t h e  d e l i v e r y  f l o w  ( F , )  were recorded. 
Resu 1 t s 
A l l  measured parameters i n d i c a t e d  conformance t o  p r e d i c t e d  va lues.  The 
f l o w  r a t e  averaged 1.38 l b  p e r  h r  ( r e q u i r e d :  2 t l  l b  p e r  h r )  and t h e  d e l i v e r y  
p r e s s u r e  averaged 61.3 p s i a  ( r e q u i r e d :  60 25 p s i a ) .  A s  a m a t t e r  o f  i n t e r e s t ,  
t h e  d e l i v e r y  tempera tu re  o f  t h e  f l u i d  averaged 7OoF, and t h e  s t o r a g e  p r e s s u r e  
averaged 150 p s i a .  
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I n i t i a l  Procedure (Env i ronmenta l  Test  System Only)  
Cont inu ing  f rom t h e  p rev ious  t e s t ,  t h e  env i ronmenta l  t e s t  system was 
i n s t a l l e d  i n  a temperature chamber, and t h e  ambient tempera ture  was e s t a b l i s h e d  
a t  160 +-4'F. The system was t o  be opera ted  as i n  t h e  cons tan t  p ressu re  t e s t  
a t  t h i s  ambient temperature f o r  6 h r .  D u r i n g  the  t e s t ,  t h e  chamber tempera- 
tu re ,  t h e  del  i v e r y  f l i u i d  tempera tarc  (T5), t h e  de i  i v e r y  f l o w  r a t e  (F, ) ,  t he  
s to rage  vessel p ressu re  a t  l o c a t i o n  ( G A Z ) ,  and t h e  c u r r e n t  t o  t h e  ground and 
f l i g h t  p r e s s u r i z a t i o n  e l e c t r i c  h e a t e r s  (11 and 1 2 )  were recorded h o u r l y .  
I n i t i a l  Resu l t s  
Two component f a i l u r e s  occu r red  d u r i n g  t h e  t e s t .  F i r s t ,  t h e  mass f l ow-  
meter  ( F I )  f a i l e d  s t r u c t u r a l l y ,  and t h e  system l o s t  p ressu re  as f l u i d  d i s -  
charged through the  f a i l e d  element. The temperature-sensing element wh ich  
c o n t r o l s  the e x t e r n a l  warmup h e a t e r  a l s o  f a i l e d  s t r u c t u r a l  l y .  
F a i l u r e  A n a l y s i s  and C o r r e c t i v e  A c t i o n  
I .  Fai  l u r e  o f  Mass Flowmeter 
The s t r u c t u r a l  f a i l u r e  o f  t h i s  component was caused by erroneous use o f  
a the rmop las t i c  p o t t i n g  compound by  t h e  vendor d u r i n g  i n s t a l l a t i o n  o f  t h e  
e l e c t r i c a l  connector .  The f a i l u r e  was c o r r e c t e d  a t  AiResearch by r e p l a c i n g  
the  the rmop las t i c  w i t h  a t h e r m o s e t t i n g  r e s i n .  No f u r t h e r  problems were 
exper  i enced. 
2. F a i l u r e  o f  Heater  Con t ro l  Temperature Sensing Element 
Temperature c o n t r o l l e r  f a i l u r e  was due t o  o v e r h e a t i n g  d u r i n g  t h e  t e s t .  
Th i s  was a t t r i b u t e d  t o  t h e  combined e f f e c t s  o f  h i g h  ambient temperature,  hea t  
generated i n  t h e  c o n t r o l l e r ,  and a c t i v a t i o n  o f  t h e  warmup h e a t e r  by c o l d  f l o w  
pas t  the  sensing element. T h i s  problem was c o r r e c t e d  by p r o v i d i n g  an improved, 
h i g h e r  c a p a c i t y  heat  s i n k  f o r  t h e  c o n t r o l l e r .  
3. Ana lys i s  o f  Test  Procedure 
The i n s u l a t i o n  t e s t  s imu la ted  tempera ture  c o n d i t i o n s  o c c u r r i n g  d u r i n g  
launch. The t e s t  p e r i o d  was cons idered u n r e a l i s t i c  s i n c e  t h e  e leva ted  tem- 
p e r a t u r e s  occur o n l y  d u r i n q  t h e  f i r s t  few hundred seconds. C o n s u l t a t i o n  w i t h  
NASA r e s u l t e d  i n  t h e  new procedure desc r ibed  below. 
F i n a l  Procedure (Env i ronmenta l  Test  and F1 i g h t  System) 
Wi th  system o p e r a t i o n  s t a b i l i z e d ,  t h e  chamber tempera ture  was r a i s e d  t o  
160 '4OF. 
d e l i v e r y  f l ow  r a t e  (FI), and c u r r e n t  t o  t h e  ground and f l i g h t  p r e s s u r i z a t i o n  
e l e c t r i c  heaters .  The system was a l l owed  t o  soak i n  t h i s  environment f o r  350 
sec. The chamber hea te rs  were shut  o f f  and t h e  tempera ture  a l l owed  t o  decay 
over  a I - h r  per iod .  
o f  t he  decay p e r i o d .  
Recorded parameters a t  t h i s  t i m e  were t h e  chamber temperature,  
The parameters no ted  above were measured a g a i n  a t  t h e  end 
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F i n a l  R e s u l t s  (Envi ronmenta l  Tes t  and F l i q h t  Systems) 
The f l o w  r a t e  averaged 1 . 1  l b  per  hr,  and o p e r a t i o n  of t h e  i n t e r n a l  and 
e x t e r n a l  h e a t e r s  was normal.  R e s u l t s  o f  the  t e s t  were s a t i s f a c t o r y .  
CONSTANT PRESSURE OPERATION TEST (25-Percent F i l l e d  C o n d i t i o n )  
Procedures 
The p rocedure  f o r  t h i s  t e s t  was the same as p r e v i o u s  c o n s t a n t  p r e s s u r e  
o p e r a t i o n  t e s t s ,  except  t h a t  t h e  f l u i d  q u a n t i t y  was reduced t o  25-percent  
f i 1 led.  
Resul t s  
A1  measured parameters i n d i c a t e d  conformance t o  p r e d i c t e d  va lues .  The 
The d e l i v e r y  tempera tu re  averaged 70QF, and t h e  s t o r a g e  p r e s s u r e  
d e l i v e r y  f l o w  averaged 1.39 l b  per  h r ,  and t h e  d e l i v e r y  p r e s s u r e  averaged 
61.6 p s i a .  
averaged 155 p s i a .  R e s u l t s  were approved. 
FINAL GAUGING SYSTEM TEST 
Proceaures 
T h i s  t e s t  d i r e c t l y  f o l l o w e d  t h e  above t e s t .  The gauging system c a p a c i t a n c e  
and t h e  system w e i g h t  were measured. Th is  p rocedure  was then repeated w i t h  a 
IO-percent  f i 1 1 .  
R e s u l t s  
The gauging system i n d i c a t e d  25.5 p e r c e n t  f o r  t h e  25-percent  f i l l e d  con- 
d i t i o n  and 9.0 p e r c e n t  f o r  t h e  IO-percent f i l l e d  c o n d i t i o n .  
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Section 6 
Con 1 u sion s a MI 
Reco 111 ni end at ions 
The p r i m a r y  o b j e c t i v e  o f  t h i s  program was t h e  f a b r i c a t i o n  and d e l i v e r y  o f  
two systems f o r  an extended demonst ra t ion  o f  s u b c r i t i c a l  concepts i n  space. 
S ince  t h e  program d i d  n o t  i n c l u d e  a c t u a l  ze ro -g  t e s t i n g  o f  t h e  systems, MSC and 
AiResearch j o i n t l y  e s t a b l i s h e d  c r i t e r i a  which would demonst ra te  s u i t a b i l i t y  f o r  
space o p e r a t i o n .  These c r i t e r i a  i nc luded  requ i rements  gove rn ing  b o t h  c o n f i g u r a -  
t i o n  and per formance.  
The des ign  s e c t i o n  o f  t h i s  r e p o r t  desc r ibes  t h e  AiResearch approach t o  
mee t ing  t h e  c r i t e r i a  e s t a b l i s h e d .  As repo r ted  i n  S e c t i o n  5 o f  t h i s  document, 
compl iance w i t h  a1 1 s i g n i f i c a n t  c r i t e r i a  was demonstrated d u r i n g  t h e  t e s t  
program. I t  i s  t h e r e f o r e  conc luded t h a t  t h e  o b j e c t i v e s  o f  t h i s  program have 
been met. 
A d d i t i o n a l  per formance assurances may be o b t a i n e d  f r o m  r e c e n t  exper iences  
w i t h  r e l a t e d  systems, as i n d i c a t e d  beivw. 
* One o f  t h e  exper iments  on Gemini f l i g h t s  GT-5 and -7 u t i l i z e d  a 
s u b c r i t i c a l  neon t a n k  des igned and b u i  I t  by AiResearch. A l though  
d i f f e r e n t  i n  t a n k  s i z e  and geometry, these systems used t h e  i n t e r n a l  
v a l v e  and phase c o n t r o l  h e a t  exchanger. P r e l i m i n a r y  d a t a  f o r  b o t h  
systems have shown no d i f f e r e n c e  between per formance i n  space and 
per formance on t h e  ground w i t h  t h e  i n - t e r n a l  v a l v e  i n l e t  submerged. 
Fur thermore,  system per formance gave no i n d i c a t i o n  o f  s t r a t i f i c a t i o n  
problems. Th is  was ev idence o f  p roper  v a l v e  and heat  exchanger 
o p e r a t i o n  i n  zero-g  Over an extended p e r i o d .  
Gemini s u p e r c r i t i c a l  s t o r a g e  systems, u t i l i z i n g  i d e n t i c a l  s t o r a g e  
vesse l  s h e l l s  and i n t e r w a l l  suppor t  systems, have c o n s i s t e n t l y  met 
per formance r e q u i  rements d u r i n g  extended ze ro -g  f 1 i g h t .  
* E x t e n s i v e  t e s t i n g  was c a r r i e d  o u t  by MSC on t h e  Phase I m a t r i x  
gauging systems. A l though these t e s t s  were n o t  conducted i n  zero-g, 
t h e  systems were o p e r a t e d  i n  a l l  a t t i t u d e s  t o  s i m u l a t e  zero-g. 
i 
I 
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Al though  n o t  designed f o r  env i ronmenta l  t e s t i n g ,  t he  Phase I oxygen 
s to rage  system was sub jec ted  t o  v i b r a t i o n  t e s t i n g  w i t h o u t  e f f e c t  on 
t h e  m a t r i x .  
One of the  Phase I 1  systems was r e c e n t l y  sub jec ted  t o  v i b r a t i o n  
t e s t i n g  by MSC a t  l e v e l s  w e l l  above t h e  d e s i g n  c r i t e r i a .  No damage 
t o  t h e  s t o r a g e  vesse l  o r  i n t e r n a l  components was exper ienced.  
Successfu! f ! igh :  G: t h e  Fhase I 1  system w i l l  demonstrate t h e  f e a s i b i l i t y  
o f  s u b c r i t i c a l  s t o r a g e  w i t h  vapor d e l i v e r y  i n  zero-9.  The nex t  l o g i c a l  s t e p  
i n  t h e  o r d e r l y  development e f f o r t  c a r r i e d  th rough  t h e  Phase I and I 1  programs 
would be a demons t ra t i on  t h a t  t h e  main advantages o f  s u b c r i t i c a l  systems can 
i n  f a c t  be r e a l i z e d  i n  a p r o d u c t i o n  des ign,  i .e . ,  improved we igh t  and thermal  
performance. S tud ies  r e c e n t l y  completed by  AiResearch on ano the r  program 
i n d i c a t e  we igh t  sav ings  on 1000-lb oxygen s to rage  systems o f  app rox ima te l y  
88 l b  (35  pe rcen t  o f  t h e  d r y  w e i g h t ) ,  when s u b c r i t i c a l  i s  compared w i t h  super-  
c r i t i c a l  tankage. Improvements i n  thermal performance can be expected due t o  
t h e  cons tan t  s to rage  c o n d i t i o n s  throughout  t h e  m i s s i o n  and t h e  p r o s p e c t i v e  use 
o f  l i q u i d  d e l i v e r y  t o  s a t i s f y  h i g h - f l o w  r e q u i  qements w i t h  minimum energy i n p u t .  
Th i s  s tep  can be accompl ished by the  f a b r i c a t i o n  and t e s t i n g  o f  long-  
miss ion,  u l t r a - h i g h  performance systems i n  a p r o t o t y p e - p r o d u c t i o n  v e r s i o n .  
Such systems shou ld  i n c l u d e  t h e  f e a t u r e s  l i s t e d  below. 
PHASE I11 D E S I G N  
~~ ~~ ~~~ 
Vapor-cooled s h i e l d  and s o f t  o u t e r  s h e l l  
V i b r a t i o n  i s o l a t o r s  i n t e g r a l  w i t h  t h e  o u t e r  framework 
Aluminum and/or cryoformed s t a i n l e s s  s t e e l  s h e l l s  
Advanced capac i tance  gauging system 
S ized f o r  45- t o  90-day AAP-type m iss ion ,  o r  s h o r t e r  
m i s s i o n  w i t h  c a p a b i l i t i e s  f o r  l i q u i d  d e l i v e r y  ( f o r  h i g h  
d e l i v e r y  requi rements o r  r e f i l l i n g  p o r t a b l e  env i ronmenta l  
c o n t r o l  systems) 
A l l  hardware shou ld  be f a b r i c a t e d  from p r o d u c t i o n  drawings on a 
" c o n t r o l l e d  development" b a s i s .  T h i s  w i l  1 demonstrate p r o d u c i b i l  i t y  o f  an 
op t im ized ,  man-rated des ign  s u i t a b l e  f o r  e i t h e r  extended space m iss ions  o r  
l u n a r  s to rage.  A t  t h e  same t ime, i t  w i l l  a l l o w  c o n t i n u i t y  i n  t h e  e n g i n e e r i n g  
c o n t r o l  requ i red  f o r  a success fu l  development program. 
F i n a l  v i b r a t i o n  requi rements e s t a b l  i shed  f o r  t h e  Phase I 1  program exceed 
the c a p a c i t y  o f  f i g e r g l a s s  suppor t  pads. ~t i s  p o s s i b l e  t h a t  f u t u r e  l aunch  
systemswi 1 1  i n t r o d u c e  s t  i 1 1  more severe v i b r a t i o n  r e q u i  rements. A I  t e r n a t e l y ,  
the  use o f  e x t e r n a l  i s o l a t o r s  reduce t h e  d u t y  on i n t e r n a l  suppor ts ,  a l l o w i n g  
r e d u c t i o n  i n  the  s i z e  o f  these suppor t s  and a c o r r e s p o n d i n g  r e d u c t i o n  i n  heat  
leak .  Therefore,  i t  i s  1 i k e l y  t h a t  most f u t u r e  s t o r a g e  systems w i l l  r e q u i r e  
e l a s t o m e r i c  v i b r a t i o n  i s o l a t o r s .  To p r o v i d e  an o p t i m i z e d  des ign,  i s o l a t o r s  
shou ld  be inc luded i n  a Phase 111 program as i n t e g r a l  p a r t s  of t h e  o u t e r  
framework of the  s to rage  v e s s e l .  
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A l l  d e s i g n  and development e f f o r t  on cryoformed s t a i n l e s s  s t e e l  vesse ls  
shou ld  be d i r e c t e d  towards "once-only"  forming, a f t e r  f i n a l  i n s t a l  l a t i o n  o f  a1 1 
i n t e r n a l  components, bosses, e t c .  Present concepts employ ing  r e p e t i t i v e ,  
p a r t i a l  f o rm ing  o f  t h e  vesse ls  as assembly proceeds do n o t  l end  themselves t o  
c l o s e  c o n t r o l  o f  q u a l i t y  o r  cos t .  
Design and development e f f o r t  should be d i r e c t e d  towards a q u a n t i t y  
gaug ing  system t h a t  does n o t  i n t e r f e r e  w i t h  l i q u i d  d e l i v e r y  f o r  h i g h  d e l i v e r y  
requ i rements  o r  backpack r e f i l l  ope ra t i ons .  Th is  o p e r a t i o n  w i l l  r e q u i r e  
c o n t r o l  o f  phase l o c a t i o n s  t o  assure  l i q u i d  d e l i v e r y .  Present  schemes, such as 
b l a d d e r s  or  d i e l e c t r o p h o r e s i s ,  a r e  n o t  compa t ib le  w i t h  capac i tance  gauging due 
t o  e i t h e r  s t r u c t u r a l  o r  d i e l e c t r i c  i n t e r f e r e n c e .  
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